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(54) TRANSPLANT MATERIAL AND PROCESS FOR PRODUCING THE SAME 



(57) The present invention provides implant materi- 
als capable of imparting desired mechanical properties 
and enhancing bone tissue repair speed and biocom- 
patibility, and method for fabricating the implant materi- 
als. The implant material, which includes an artificial and 
bioinert material, is obtained by the steps of adhering at 
least one kind of cells selected from osteoblasts and os- 
teoprogenitor cells to the surface of the artificial and bi- 
oinert material to be implanted in a living body as a re- 
placement for bone tissue, and coating the artificial ma- 
terial with bone matrix produced by the adhered cells. 
The artificial material includes not only a bioinert mate- 
rial but also a bioinert material having a surface coated 
with a bioactive substrate. The implant material is pro- 
duced by culturing mesenchymal stem cells obtained 
from a living body to differentiate to at least one kind of 
cells selected from osteoblasts and osteoprogenitor 
cells, culturing the differentiated cells together with the 
artificial material so that the differentiated cells are ad- 
hered to the surface of the artificial material, and coating 
the surface of the artificial material with bone matrix pro- 
duced by the differentiated cells. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to transplant ma- 
terials or implant material, such as artificial joints, artifi- 
cial bones and artificial tooth roots, which are used for 
surgical treatments of humans, pets, domestic animals, 
and the like, and the fabricating method of the transplant 
materials. The transplant materials of the present inven- 
tion are implanted in a living body as a replacement for 
bone tissues. 

BACKGROUND ART 

[0002] As implant materials of the above kinds, an ar- 
tificial joint, which is composed of a stem portion, a head 
portion, and an acetabular portion, is well known. The 
stem portion and the head portion of the conventional 
artificial joint have been composed of bioinert materials, 
such as titanium alloy or alumina ceramics, since these 
materials retain greater strength as well as are difficult 
to corrode. On the other hand, the acetabular portion of 
the conventional artificial joint has been composed of 
high-density polyethylene that has adequate resiliency 
and biotolerant. When the above artificial joint is im- 
planted as a replacement of a damaged hip joint, the 
stem portion is implanted in a hollow part perforated for 
the upper part of a femur through bone cement made of 
polymethyl methacrylate (PMMA), and the acetabular 
portion is implanted in a coxal bone located in the lower 
part of a pelvis through the bone cement. The implanted 
artificial joint sufficiently functions as a hip joint, and also 
retains greater strength while avoiding the corrosion. 
[0003] However, it is well known that the PMMA bone 
cement generates very high heat of polymerization 
when methyl methacrylate monomer is polymerized to 
harden. Therefore, the problem exists that the heat of 
polymerization seriously damages bone tissues where 
the bone tissues and bone cement contact. To solve the 
above problems, a following therapy has been per- 
formed, which uses natural healing power of a patient. 
In the therapy, the operation in which the stem portion 
and the acetabular portion of the artificial joint were im- 
planted was performed so that these portions directly 
contact the bone tissues without using bone cement. 
Subsequently, the patient was made to keep quiet in bed 
until the artificial joint was sufficiently fixed to the bone 
tissues. 

[0004] When the above therapy was performed, the 
mesenchymal stem cells which exist in patient bone 
marrow migrate to the clearance between the artificial 
joint and the bone tissues and then are adhered. Sub- 
sequently, the adhered mesenchymal stem cells prolif- 
erate and differentiate to osteoblasts having high bone 
repair activity. Then, the osteoblasts produce bone ma- 
trix. The bone matrix covers the surfaces of the artificial 
joint and bone tissues to fill the clearance. As a result, 



the artificial joint is fixed. 

[0005] Japanese Laid-Open Patent Publication No. 
3-45267 discloses filling materials for a bone defective 
part and a bone vacant part. The filling materials are 
5 composed of body fluid containing osteoblasts and/or 
osteoprogenitor cells, which is obtained from an animal, 
and calcium phosphate compounds. The filling materi- 
als for the bone defective part and the bone vacant part 
are prepared by the steps of adsorbing the body fluid 
10 from the animal itself to be treated to porous or granular 
calcium phosphate compounds, and culturing artificially, 
if necessary. The bone defective part and the bone va- 
cant part of the animal are filled with the resultant filling 
materials for the bone defective part and the bone va- 
15 cant part. The filling materials have excellent biocom- 
patibility, and do not cause xenobiotic reaction and in- 
flammatory reaction. In addition, the leakage of the filling 
materials from a filling site is very little. Therefore, rapid 
formation of new bone may be expected. 
20 [0006] On the other hand, the conventional artificial 
joint has possibility for damaging the living tissues, such 
as circumferential bone tissues, since PMMA bone ce- 
ment for connecting the artificial joint to the bone tissues 
generates a heat during the polymerization, and also the 
25 residual monomer elutes out. Therefore, when the arti- 
ficial joint is used under a mechanically (i.e., physically) 
severe condition, the boundary face between the stem 
or acetabular portion and bone tissues surrounding it is 
destroyed. In addition, there is remarkably high possi- 
30 bility that the artificial joint will become loose or disen- 
gaged. 

[0007] Further, the above-mentioned conventional 
therapy using natural healing power requires a long pe- 
riod of time until the mesenchymal stem cells to the sur- 
35 faces of the artificial joint and bone tissues, and then 
produce bone matrix. In particular, an aged living body 
requires a very long period of time for being completely 
recovered, since they have less mesenchymal stem 
cells in their body and bone tissue repair speed by os- 
40 teoblasts and osteoprogenitor cells is remarkably slow. 
[0008] In the conventional filling materials for the bone 
defective part and the bone vacant part, porous or gran- 
ular calcium phosphate ceramics are used as a sub- 
strate. The ceramics composed of these substrates 
45 have low mechanical strength, and are typically brittle. 
Therefore, they could not be used for the site in which 
a large load is applied or elastic deformation is required. 

DISCLOSURE OF THE INVENTION 

50 

[0009] The objectives of the present invention are to 
solve the above problems of the prior art; to provide im- 
plant materials, which give desired mechanical proper- 
ties as well as have improved bone tissue repair speed 
55 and biocompatibility; and to provide a method for fabri- 
cating such implant materials. 

[0010] To achieve the above objectives, the first as- 
pect of the present invention includes implant materials, 
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which are obtained by the steps of adhering cells to a 
bioinert artificial material to be implanted in a living body 
as a replacement of bone tissue, wherein the cells are 
at least one kind of cells selected from osteoblasts and 
osteoprogenitor cells; and coating the artificial material 
with bone matrix that is produced by the adhered cells. 
[0011] Another aspect of the present invention in- 
cludes implant materials in which the artificial material 
is composed of at least one of materials selected from 
titanium, titanium alloy, stainless steel, cobalt-chromium 
alloy, cobalt-chromium-molybdenum alloy, alumina ce- 
ramics, carbon ceramics, zirconia ceramics, silicon car- 
bide ceramics, silicon nitride ceramics, glass ceramics, 
polyethylene, polystyrene, polytetrafluoroethylene, 
polyurethane, polyvinyl alcohol, polypropylene, polycar- 
bonate, polymethyl methacrylate, methacrylate poly- 
mer, silicone resin, and bioabsorbable polymer. 
[0012] The further aspect of the present invention in- 
cludes implant materials in which the surface of the ar- 
tificial material is coated with bioactive substrate. 
[0013] The further aspect of the present invention in- 
cludes implant materials in which the bioactive substrate 
includes at least one of materials selected from hy- 
droxyapatite, tricalcium phosphate, calcium-deficient 
apatite, amorphous calcium phosphate, tetracalcium 
phosphate, octacalcium phosphate, fiuorapatite, car- 
bonate-apatite, calcium pyrophosphate, brushite, mon- 
etite, calcium carbonate, glass ceramics containing ap- 
atite, glass ceramics containing calcium metaphos- 
phate, and bioglass. 

[0014] The artificial material may be composed of at 
least one of metallic materials selected from titanium, 
titanium alloy, stainless steel, cobalt-chromium alloy, 
and cobalt-chromium-molybdenum alloy. 
[0015] The artificial material may be composed of at 
least one of ceramic materials selected from alumina ce- 
ramics, carbon ceramics, zirconia ceramics, silicon car- 
bide ceramics, silicon nitride ceramics, and glass ce- 
ramics. 

[0016] The artificial material may be composed of at 
least one of synthetic resin materials selected from pol- 
yethylene, polystyrene, polytetrafluoroethylene; poly- 
urethane, polyvinyl alcohol, polypropylene, polycar- 
bonate, polymethyl methacrylate, methacrylate poly- 
mer, silicone resin, and bioabsorbable polymer. 
[0017] The bone matrix may include a growth factor 
secreted from at least one kind of cells selected from 
marrow cells, mesenchymal stem cells, osteoblasts, 
and osteoprogenitor cells. The artificial material may be 
formed to have porous surface. In addition, at least part 
of the bone matrix may be calcified. The osteoblasts and 
the osteoprogenitor cells may be differentiated cells ob- 
tained by culturing the mesenchymal stem cells derived 
from a living body. 

[0018] The further aspect of the present invention in- 
cludes a method for fabricating implant materials of the 
present invention. The method includes steps of cultur- 
ing mesenchymal stem cells obtained from a living body 



to differentiate to at least one kind of cells selected from 
osteoblasts, and osteoprogenitor cells, and culturing the 
differentiated cells with a bioinert artificial material. As 
a result, the differentiated cells are adhered on the sur- 
5 face of the artificial material, and the surface of the ar- 
tificial material is coated with bone matrix produced by 
the differentiated cells. 

[0019] The method may further include a step of sub- 
cutturing differentiated cells to increase the number of 
io the cells. 

[0020] Another method of the present invention in- 
cludes steps of culturing mesenchymal stem cells ob- 
tained from a living body with a bioinert artificial material, 
adhering the mesenchymal stem cells to the surface of 
15 the artificial material, and differentiating the adhered 
mesenchymal stem cells to at least one kind of cells se- 
lected from osteoblasts and osteoprogenitor cells. As a 
result, the surface of the artificial material is coated with 
bone matrix produced by the differentiated cells. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

25 Fig. 1 illustrates a schematic view of an artificial 
joint, which is one of the artificial materials used as 
an implant material of the present invention, having 
a stem portion and an artificial head portion. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] The present embodiments will be described 
below in detail. 

[0023] Bone tissue is composed of bone matrix, and 
35 bone cells to which osteoblasts and osteoprogenitor 
cells differentiate. The bone cells are fixed on ossepus 
lacunae scattered in the bone matrix. The bone matrix 
is composed of relatively small amount of mucopolysac- 
charide proteins (proteoglycan), the main component of 
40 which is chondroitin sulfate, large amount of calcium 
phosphate, magnesium phosphate, calcium carbonate, 
and the like, and also contains various growth factors 
such as bone morphogenetic protein (BMP). In addition, 
the bone matrix normally contains considerable amount 
45 of collagen fibers, which give certain degree of resiliency 
to the bone. On the other hand, inorganic components 
such as apatite are formed by the action of osteoblasts 
(calcification of the bone matrix), which give hardness 
to the bone. 

so [0024] When the bone tissue is formed or remodeled, 
osteoblasts, osteoprogenitor cells, and osteoclasts, 
which exist at the circumference of the bone matrix, 
work, respectively. The osteoblasts and the osteopro- 
genitor cells are produced by the differentiation of the 
55 mesenchymal stem cells. The mesenchymal stem cells 
exist in bone marrow, and have very vigorous differen- 
tiating potency. Dexamethasone, which is one of steroid 
hormones, involves in vitro differentiation of the mesen- 
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chymal stem cells to osteoblasts, and osteoprogenitor 
cells. 

[0025] The implant material of the present invention 
includes a bioinert artificial material implanted in a living 
body as a replacement of the bone tissue, which is ob- 
tained by the following steps. That is, at least one kind 
of cells selected from osteoblasts and osteoprogenitor 
cells are adhered to the surface of the artificial material, 
and the artificial material is coated with the bone matrix 
produced by the cells. The implant material may be used 
for a replacement of bone tissue when the bone tissue 
of a human, a pet, or a domestic animal are damaged, 
and may be implanted in a living body. 
[0026] As used herein, "implanting" is defined as 
when an artificially fabricated material is surgically im- 
planted in a living body. 

[0027] The artificial material is used in various shapes 
as a replacement of the bone tissue. For example, the 
artificial material may include an artificial joint such as 
a hip joint, a knee joint, a finger joint, a shoulder joint, 
an elbow joint, and an ankle joint; a metallic artificial 
bone; an artificial bone made of synthetic resin; an arti- 
ficial bone made of ceramics; volts (screw) for coupling 
bone tissues; prosthesis materials; dental implant ma- 
terials; and bone connecting supplies. 
[0028] The artificial materials may be composed of bi- 
oinert materials that are not degraded or decomposed 
in a living body, or the decomposition products of which 
do not adversely affect on a living body. The bioinert ma- 
terial is composed of materials other than bioactive ma- 
terials, which can directly bond to bone tissue without 
using coating film (i.e., foreign film) when implanted in 
a living body as a replacement of the bone tissue, and 
also includes biotolerant materials and bioinert materi- 
als. 

[0029] The biotolerant material includes materials 
that are separated from the tissues of a living body, with 
connective tissue thick film (i.e., foreign film) being 
formed between the bone tissues and the biotolerant 
material when it is implanted in the living body. For ex- 
ample, high-density polyethylene, stainless steel, and 
the like may be included. The bioinert material includes 
materials in which thin film (i.e., foreign film) is inter- 
vened between the bone tissues and the bioinert mate- 
rial when it is implanted in a living body, or may directly 
connect a part of the bone tissues under the favorable 
condition. For example, alumina ceramics, carbon ce- 
ramics, zirconia ceramics, titanium alloy, and the like 
may be included. 

[0030] In addition, the artificial material is preferably 
composed of materials to which mesenchymal stem 
cells, osteoblasts, and osteoprogenitor cells are ad- 
hered to proliferate, and the surface of which is coated 
with bone matrix produced by these cells. At least one 
of the materials selected from titanium, titanium alloy, 
stainless steel, cobalt-chromium alloy, cobalt-chromi- 
um-molybdenum alloy, alumina ceramics, carbon ce- 
ramics, zirconia ceramics, silicon carbide ceramics, sil- 



icon nitride ceramics, glass ceramics, polyethylene, pol- 
ystyrene, polytetrafluoroethylene, polyurethane, polyvi- 
nyl alcohol, polypropylene, polycarbonate, polymethyl 
methacrylate, methacrylate polymer, silicone resin and 
5 bioabsorbable polymer may be included as the above- 
mentioned material. 

[0031] When the material is used as a replacement 
for bone tissue that requires greater strength, metallic 
materials such as titanium, titanium alloy, stainless 

10 steel, cobalt-chromium alloy, and cobalt-chromium-mo- 
lybdenum alloy, or ceramic materials such as alumina 
ceramics, carbon ceramics, zirconia ceramics, silicon 
carbide ceramics, silicon nitride ceramics, and glass ce- 
ramics may be preferable. 

15 [0032] When the material is used as a replacement 
for bone tissue that requires flexibility, elastically de- 
formable synthetic resin materials such as polyethylene, 
polystyrene, polytetrafluoroethylene, polyurethane, pol- 
yvinyl alcohol, polypropylene, polycarbonate, polyme- 

20 thyl methacrylate, methacrylate polymer, silicone resin, 
and bioabsorbable polymer may be preferable. 
[0033] The surface of the artificial material may be 
preferably porous. Because it is easy to enter mesen- 
chymal stem cells, osteoblasts, and osteoprogenitor 

25 cells into pores of the material, and these cells are more 
stably fixed in the pores. 

[0034] The surface of the bioinert artificial material 
may preferably be coated with bioactive substrate. As a 
result, the fixation of the osteoblasts and the osteopro- 

30 genitor cells and the production of bone matrix may fur- 
ther be promoted, and biocompatibility of the material 
may also be improved. The bioactive substrate includes 
calcium phosphates such as hydroxyapatite, tricalcium 
phosphate, calcium-deficient apatite, amorphous calci- 

35 urn phosphate, tetracalcium phosphate, octacalcium 
phosphate, fluorapatite, carbonate-apatite, calcium py- 
rophosphate, monetite, brushite; calcium carbonates; 
compounds that allow to adsorb calcium phosphates in 
a living body; compounds that allow to form an apatite 

40 layer on the surface of the material in a living body such 
as bioactive glass including glass-ceramics containing 
apatite, glass-ceramics containing calcium metaphos- 
phate, and bioglass; and titanium, titanium alloy, and 
polymer materials, which allow to form an apatite layer 

45 by pseudo-body fluid dipping process. 

[0035] The osteoblasts or the osteoprogenitor cells 
may preferably be obtained by culturing mesenchymal 
stem cells in a cultural solution containing differentiating 
inducing factor (dexamethasone), and differentiating 

so them. Here, the mesenchymal stem cells may be prolif- 
erated by separating and culturing marrow cells ob- 
tained from a living body, which is scheduled to be im- 
planted the implant material. This surely prevents ad- 
verse problems such as occurrence of rejection caused 

55 by autoimmunity after the implantation. 

[0036] The surface of the artificial material may pref- 
erably be thickly coated with bone matrix to improve the 
biocompatibility after the implantation. More preferably, 
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a part of the coated bone matrix may be calcified. In ad- 
dition, the bone matrix may preferably contain a growth 
factor such as bone morphogenetic protein, which is se- 
creted by at least one of cells selected from marrow 
cells, mesenchymal stem cells, osteoblasts, and osteo- 
progenitor cells. Since the growth factor promotes phys- 
iological adhesion, proliferation, and differentiation of 
mesenchymal stem cells of a living body in which the 
implant material was implanted, bone tissue repair 
speed and biocompatibility may be more improved. 
[0037] The action of the implant materials will now be 
explained. 

[0038] When the above implant material is fabricated, 
first an artificial material having a predetermined shape, 
which is used for a replacement of bone tissue, is pre- 
pared. Next, the surface of the artificial material is coat- 
ed with bioactive substrate, such as hydroxyapatite us- 
ing plasma spraying process, pseudo-body fluid dipping 
process, alternate dipping process, and the like. Subse- 
quently, the coated artificial material is sterilized. Next, 
marrow cells are obtained using a syringe from a living 
body that is scheduled to be implanted. At this stage, it 
is preferable to increase the number of mesenchymal 
stem cells obtained from the marrow cells through well- 
known separating, culturing, orsubculturing techniques. 
[0039] Subsequently, the marrow cells or the mesen- 
chymal stem cells are adhered to the artificial material, 
and the resultant material is cultured in a solution con- 
taining dexamethasone, p-sodium glycerophosphate, 
and ascorbic acid, and the cells adhered to the artificial 
material are differentiated to osteoblasts and osteopro- 
genitor cells. Then, the surface of the artificial material 
is coated with bone matrix produced by these cells. Al- 
ternatively, the marrow cells or the mesenchymal stem 
cells may be cultured in the culture solution in advance 
to differentiate to osteoblasts and osteoprogenitor cells. 
The resultant osteoblasts and osteoprogenitor cells may 
be cultured with a sterilized artificial material. As a re- 
sult, these celts may adhere to the surface of the artificial 
material, and the surface of the artificial material may 
be coated with bone matrix produced by these cells. 
[0040] When the marrow cells or the mesenchymal 
stem ceils are cultured with the artificial material to dif- 
ferentiate, a cell-suspended solution containing the 
marrow cells or the mesenchymal stem cells is pre- 
pared, and then an artificial material is soaked in the 
cell-suspended solution. As a result, the cells are ad- 
hered to the surface of the artificial material soaked in 
the solution. Subsequently, the artificial material is cul- 
tured in the solution. The marrow cells or the mesenchy- 
mal stem cells adhered to the artificial material prolifer- 
ate at the surface of the artificial material, and then dif- 
ferentiate to osteoblasts and osteoprogenitor cells. The 
differentiated osteoblasts and osteoprogenitor cells ex- 
tracellularly produce bone matrix. The surface of the ar- 
tificial material is directly coated with the bone matrix 
without being intervened with a foreign film. 
[0041] Alternatively, when the marrow cells or the 



8 

mesenchymal stem cells are differentiated to the oste- 
oblasts and the osteoprogenitor cells in advance, and 
then the differentiated cells are cultured with the artificial 
material, the marrow cells or the mesenchymal stem 

5 cells are initially cultured in a culture dish, which fills with 
the culture solution. These cells quickly proliferate while 
adhering on the bottom surface of the culture dish since 
they have high proliferation potency. Subsequently, 
when these cells are cultured in the culture solution, they 

10 are differentiated to a large number of osteoprogenitor 
cells and osteoblasts. If necessary, subculture is per- 
formed to additionally increase the number of cells. After 
the number of the osteoblasts and the osteoprogenitor 
cells sufficiently increases, these cells are detached 

15 from the bottom surface of the dish using trypsin solution 
or the like, and then suspended in the culture solution 
to prepare a cell-suspended solution. Subsequently, the 
artificial material is soaked in the cell-suspended solu- 
tion, and then incubated in an incubator. Here, some os- 

20 teoblasts and osteoprogenitor cells adhere to the sur- 
face of the artificial material soaked in culture solution, 
and then grow on its surface. Then, the cells produce 
bone matrix. The resultant bone matrix is directly coated 
on the surface of the artificial material without a foreign 

25 film being intervened. 

[0042] When the above implant-material is implanted 
in a living body as a replacement of bone tissue, the sur- 
face of the implant material is coated with cells of a living 
body itself and bone matrix derived from the living body 

30 to be implanted. Therefore, the implanted material has 
considerably high biocompatibility for adjacent bone tis- 
sues, other tissues, and cells. In addition, since the bone 
matrix is coated on an entire surface of the implant ma- 
terial, the living body does not recognize implant mate- 

35 rial as a foreign body, and occurrence of inflammatory 
reaction and formation of coated film (i.e., foreign film) 
can be avoided. 

[0043] In addition, the osteoblasts and the osteopro- 
genitor cells that are adhered to the surface of the im- 

40 plant material in advance have already high bone repair 
activity at the time when implanted. Therefore, new 
bone formation is started while the circumference of the 
implanted material is coated with the bone matrix imme- 
diately after the implantation. With the passage of the 

45 time, the clearance between the implant material and 
bone tissues surrounding the implant material is minute- 
ly filled with the cells to repair the bone, and then the 
implant material is more surely fixed. 
[0044] Also, the bone matrix produced on the surface 

50 of the implant material promotes physiological adhesion 
and growth of the abiogenetical mesenchymal stem 
cells, osteoblasts, and osteoprogenitor cells of the living 
body. Therefore, these cells are physiologically adhered 
to the implant material after the implantation. These 

55 ceils start the bone repair while new bone matrix being 
produced on the bone matrix of the implant material. 
This achieve reliable fixation of the implant material in 
the bone tissue. 



EP 1 228 773 A1 



5 



9 EP 1 228 773 A1 10 



[0045] After additional period of time passes, repaired 
bone tissues that surround the implant material would 
continually maintain the condition that is always and 
properly renewed by the physiological metabolism of the 
living body through the work of the osteoclasts, the os- 
teoprogenitor cells, and the osteoblasts. If this condition 
is maintained, either looseness or disengagement of the 
implant material rarely occurs for a long time use. 
[0046] The above embodiments of the present inven- 
tion have the following effects. 
[0047] The implant material of the present embodi- 
ment is obtained by the steps of adhering at least one 
kind of cells selected from osteoblasts and osteopro- 
genitor cells to the surface of a bioinert artificial material, 
which is implanted in a living body as a replacement of 
bone tissue, and coating with bone matrix produced by 
the adhered cells. Since the bioinert material is used as 
the artificial material, it is possible to easily and surely 
give desired mechanical properties (mechanical 
strength, abrasion resistance, and the like) for an im- 
plant material. That is, the implant material may be se- 
lected based on wide variety of usages, such as a re- 
placement for bone tissues having high mechanical 
strength, bone tissues having elastic deformability, and 
the like. 

[0048] Since the cells having greater bone repair abil- 
ity are adhered to the surface of the implant material, 
they fill the clearance between the implant material and 
bone tissues surrounding the implant material from im- 
mediately after the implantation, and the bone tissue re- 
pair speed is more increased. There are many cases in 
which abiogenetical bone tissue repair speed in vivo is 
slow in an aged organism. Even in such a case, early 
treatment and early fixation of the implant material may 
surely achieved by adhering cells with artificially en- 
hanced bone repair activity. Therefore, the time required 
for complete recovery may be reduced, the period for 
incurring the bodily and mental suffering may also be 
reduced, and the cost for the treatment may be reduced. 
[0049] In addition, since the bone matrix produced by 
the osteoblasts and the osteoprogenitor cells are coated 
on the surface of the implant material, the biocompati- 
bility may be improved without a film (a foreign film) be- 
ing formed between surface of the implant material and 
bone tissues surrounding the implant material. There- 
fore, it is possible to maintain high biocompatibility of 
the implant material in vivo for a long period of time from 
immediately after the implantation. Also, physiological 
adhesion and growth of abiogenetical mesenchymal 
stem cells, osteoblasts, and osteoprogenitor cells in vivo 
are facilitated. 

[0050] As mentioned above, according to the present 
invention, early treatment and early fixation of the im- 
plant material to the bone tissues are easily and surely 
achieved. In addition, the implanted material may be 
used for a long period of time without any troubles. 
[0051] In the conventional artificial joint, PMMA bone 
cement or an artificial material, which is a bioinert ma- 



terial, directly contacts the bone tissues. Therefore, 
there was a remarkably high possibility that film was 
formed on the surface of the artificial joint and the failure, 
such as looseness or disengagement of the artificial 

5 joint, occurs. However, the implant material of the 
present embodiments drastically raises the biocompat- 
ibility due to the bone matrix coated on the surface of 
the implant material. As the result, looseness and dis- 
engagement of the artificial joint rarely happen, and the 

10 implanted material may use for a long period of time 
without any troubles. 

[0052] In addition, since the PMMA bone cement gen- 
erates very high heat of polymerization, the bone tissue 
receives serious damages when contacting the bone 

15 cement. As the result, the biocompatibility between 
bone cement and bone tissues surrounding the artificial 
joint drastically lowered, and the burden for a living body 
remarkably increased. In contrast, the implant material 
of the present embodiments has very much increased 

20 bone repair activity. Therefore, without using bone ce- 
ment, the early fixation of the implant material can be 
achieved using the natural healing power of a living 
body. Therefore, the above problems of heat of polym- 
erization may be easily and surely solved. In addition, 

25 the problems of harmful residual monomer, which occur 
during the polymerization of the PMMA bone cement, 
may be surely solved. 

[0053] In the conventional implant material such as an 
artificial joint, it has been studied that the bone repair 

30 activity was raised by administering biological factors 
such as cytokine, which is an expensive drug in the 
treatment On the other hand, since osteoblasts and os- 
teoprogenitor cells having raised bone repair activity are 
adhered to the implant material of the present embodi- 

35 ments, and since it is not necessary to administrate the 
above biological factor, the present embodiments are 
economical. In addition, the burden for post-operative 
care may be alleviated. 

[0054] Conventionally, bone autograft substitute has 

40 been performed, in which bone tissue such as an iliac 
bone is obtained from a living body that is scheduled to 
be implanted and then is implanted into the living body 
as a replacement for damaged bone tissue. However, 
an extra operation is necessary for obtaining bone tis- 

45 sue other than damaged tissue in this bone autograft 
substitute. On the other hand, according to the present 
invention, it is only necessary to perform an operation 
with small burden in which marrow cells are obtained 
using a syringe. Therefore, the above extra operation is 

50 not necessary, and the physical and mental suffering of 
the living body to be implanted may also be reduced. 
[0055] Bone matrix of the implant material may further 
include biological factor, such as growth factor secreted 
from at least one kind of cells selected from marrow 

55 cells, mesenchymal stem cells, osteoblasts, and osteo- 
progenitor cells. As a result, physiological adhesion and 
proliferation of mesenchymal stem cells of a living body 
in which the implant material was implanted and differ- 
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entiation to osteoblasts and osteoprogenitor cells are 
promoted. In addition, even If cells adhered to the sur- 
face of the implant material are accidentally dead, bone 
matrix and the biological factor contained in the bone 
matrix promotes the physiological adhesion of the mes- 
enchymal stem cells existing in the implanted living 
body. Therefore, bone tissue repair speed and biocom- 
patibility are enhanced. 

[0056] The artificial material is composed of at least 
one of materials selected from titanium, titanium alloy, 
stainless steel, cobalt-chromium alloy, cobalt-chromi- 
um-molybdenum alloy, alumina ceramics, carbon ce- 
ramics, zirconia ceramics, silicon carbide ceramics, sil- 
icon nitride ceramics, glass ceramics, polyethylene, pol- 
ystyrene, polytetrafluoroethylene, polyurethane, polyvi- 
nyl alcohol, polypropylene, polycarbonate, polymethyl 
methacrylate, methacrylate polymer, silicone resin and 
bioabsorbable polymer. As a result, degradation or de- 
composition of the implant material in vivo, or the ad- 
verse effects of the decomposed products from the im- 
plant material on a living body are avoided, and sure 
role as a replacement for damaged bone tissue is per- 
formed. 

[0057] In addition, since most suitable material for 
treatment is property selected from a wide variety of the 
materials, an implant material having desired mechani- 
cal property is obtained. More particularly, since the ar- 
tificial material composed of metallic material and ce- 
ramic material has high mechanical strength, it is suita- 
ble for a replacement of bone tissue that requires high 
mechanical strength. Artificial material made of ceram- 
ics is made to easily form one having porous surface. 
Therefore, a weight saving of an implant material may 
be achieved. Artificial material made of elastically de- 
formable synthetic resin is suitable for a replacement of 
the bone tissue that requires flexibility. 
[0058] Bioinert artificial material may promote implan- 
tation, growth, and bone repair of mesenchymal stem 
cells, osteoblasts, and osteoprogenitor cells, when the 
bioactive substrate is coated on the surface of the arti- 
ficial material. 

[0059] It is possible to surely prevent the rejection by 
the autoimmunity of an implanted living body by using, 
as cells to be adhered to the implant material, osteob- 
lasts and osteoprogenitor cells obtained by differentiat- 
ing cultured mesenchymal stem cells derived from a liv- 
ing body scheduled to be implanted. 
[0060] Even if the mesenchymal stem cells are those 
obtained from an aged living body, it is possible to cul- 
ture the cells in vitro to proliferate them. As a result, they 
have almost the same proliferating and differentiating 
potency, as well as bone repair activity, as those derived 
from a young living body, and excellent therapeutic ef- 
fects are achieved in the aged living body. 
[0061] By designing the surface of an artificial mate- 
rial to be porous, it is possible that mesenchymal stem 
cells, osteoblasts, and osteoprogenitor cells easily enter 
the pores of the artificial material, and these cells are 
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fixed in a stable condition. Since the superficial area in- 
creases in the porous artificial material, it is possible to 
fix more cells to the implant material. It is also possible 
to avoid looseness and disengagement of the implant 
5 material, since the larger area and the more complicated 
shape of the porous implant material contact bone tis- 
sues surrounding the implant material after the bone re- 
pairing. 

[0062] Calcification of the bone matrix achieves very 
firm bonding between the implant material and the bone 
tissues surrounding the implant material. Accordingly, 
biocompatibility of the implant material is more en- 
hanced, and the period until complete recovery is re- 
markably reduced. 

[0063] The method for fabricating the implant material 
according to the present embodiments includes the 
steps of culturing mesenchymal stem cells obtained 
from a living body to differentiate to at least one kind of 
cells selected from osteoblasts and osteoprogenitor 
cells, and culturing the differentiated cells with a bioinert 
artificial material. As a result, the differentiated cells are 
adhered to the surface of the artificial material, and the 
surface of the artificial material is coated with bone ma- 
trix produced by the differentiated cells. The above 
method easily achieves the production of the implant 
material having the desired mechanical property and im- 
proved bone tissue repair speed and biocompatibility. 

Examples 

[0064] The present invention will now be described 
with reference to the following examples in which the 
above-mentioned embodiments are embodied, and 
comparative examples. 

(Subcutaneous implantation experiment) 

(Example 1 ) 

[0065] Marrow cells were obtained from a bone shaft 
of femurs of 7 week-old male Fischer rats, and oc-MEM 
(minimum essential medium) containing 15 % of fetal 
bovine serum (FBS) was added to the cells, and then 
obtained culture was primarily cultivated in an incubator 
(37 °C, an atmosphere of 5% C0 2 ) for 7 - 12 days. 
[0066] After the primary culture, the cultured marrow 
cells were treated with 0.01 % of trypsin solution, and 1 
x 1 0 6 to 1 x 1 0 7 cells/ml of cell suspension was prepared. 
Disk artificial materials having a diameter of 34 mm and 
a thickness of 2 mm (made of titanium alloy, stainless 
steel, alumina ceramics and high-density polyethylene) 
were added to the suspension, and were soaked in an 
incubator for two hours (37 °C, an atmosphere of 5% 
C0 2 ). Porous artificial materials having a rectangular 
parallelepiped shape (3x3x5 mm) (made of titanium 
alloy, stainless steel, alumina ceramics and high-density 
polyethylene) were added to the suspension, and were 
soaked in an incubator for about 2 hours, as is like the 
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above procedure. 
[0067] Subsequently, these materials were trans- 
ferred to a 35 mm culture dish, to which 2 ml of medium 
containing antibiotics, 10* 8 M of dexamethasone, 10 mM 
of p-sodium glycerophosphate, and 50 jig/ml of ascorbic 
acid was added, and were incubated for about one week 
(37 °C, an atmosphere of 5% C0 2 ). If necessary, the 
medium was changed. 

[0068] It was confirmed by alkaline phosphatase ac- 
tivity and alizarin red stain that the osteoprogenitor cells 
and the osteoblasts differentiated from the mesenchy- 
mal stem cells derived from bone marrow were adhered 
to the surface of the implant material, and the surface 
thereof was coated with bone matrix produced by these 
cells. In addition, the experiment in which the porous im- 
plant material was implanted in the back hypodermic of 
syngeneic rats was performed. About one to two weeks 
later, new bone formation was confirmed on the surface 
of the implant material. 

(Comparative example 1 ) 

[0069] Four kinds of artificial materials (titanium alloy, 
stainless steel, alumina ceramics, and high-density pol- 
yethylene) were directly implanted in the back hypoder- 
mic of the rats. As a result, the intervention of fibrous 
tissue (a foreign film) surrounding the artificial materials 
was confirmed in the early stage after the implantation, 
and new bone formation was never confirmed. 

(Artificial joint using test) 

(Example 2) 

[0070] Marrow cells were obtained from an adult dog, 
and were primarily cultured for 7 - 12 days, as is like 
Example 1. After cultivation, a cell-suspended solution 
was prepared. The stem portion of the artificial hip joint 
composed of titanium alloy was soaked in the cell-sus- 
pended solution, and was incubated for two hours (37 
°C, an atmosphere of 5 % C0 2 ). Subsequently, the stem 
portion was transferred to a culture container containing 
culture medium identical to the medium used in example 
1 , and was cultured in an incubator (37 °C, an atmos- 
phere of 5% C0 2 ) for about 1 week. If necessary, the 
medium was changed. 

[0071 ] It was confirmed that the osteoprogenitor cells 
and the osteoblasts differentiated from the mesenchy- 
mal stem cells derived from bone marrow were adhered 
to the surface of the implant material, and the surface 
thereof was coated with bone matrix produced by these 
cells. In addition, when the stem portion of the artificial 
hip joint was implanted into a cavity of the femur of the 
adult dog, fixation between the stem portion and the fe- 
mur was confirmed. In the artificial hip joint, new bone 
formation was confirmed on the surface of the stem por- 
tion in early stage after the implantation, and the fixation 
of the stem was also quickly finished. 
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(Comparative example 2) 

[0072] An artificial hip joint without being soaked in 
the cell-suspended solution was implanted as is like in 
5 example 2. As a result, partial fixation between the stem 
portion and the femur was observed, and was resulted 
in the looseness of the stem portion. 

(Example 3) 

10 

[0073] 2 ml of marrow cells were obtained from a hu- 
merus of a beagle dog having 12 kg of body weight. The 
obtained marrow cells were transferred to a tube con- 
taining 2 ml of FBS with heparin, and were centrifuged 

15 (900 rpm, 10 minutes, 24 °C). After fat cells and super- 
natant were removed from the centrifuged tube, cells 
were transferred to a T-75 flask, and were primary-cul- 
tured in a medium containing 15 % of FBS and antibiot- 
ics for ten days. The culture medium was exchanged 3 

20 times per week. 

[0074] In this embodiment, an implant material having 
a stem 1 made of titanium (hereafter referred as "Ti") 
and an artificial head 2 made of high purity alumina were 
used as shown in Fig. 1 . Both surfaces of the stem 1 

25 include associated recesses 3 (depth; 0.5 mm, area; 1 .3 
cm 2 ). The implant material was treated with thermal 
spraying processing of pure Ti. Average surface rough- 
ness of the thermal spraying plane was 32 \im. After the 
primary culture, 0.25 % of trypsin was used for detach- 

30 ment processing, and a cell-suspended solution was 
prepared. 

[0075] A stem for a dog was put in the culture dish 
having a 94 mm diameter, and 1 X10 5 cells of the cell- 
suspended solution was put on a surface to be treated 
35 with the pure Ti thermal spraying processing (area; 
1.3cm 2 ) of upper stem side, and incubated at 37 °C for 
30 minutes to adhere the cells to the surface to be treat- 
ed with the TI thermal spraying processing. Subsequent- 
ly, 48 ml of medium containing 10 mM of (i-glycerophos- 
phate, 82 ug/ml of vitamin C phosphate, and 10" 8 M of 
dexamethasone was added to carry out the subculture 
for 11 days. 

[0076] When subcultured stem was stained using a 
stain for an alkaline phosphatase, a surface treated with 

45 Ti thermal spraying processing in which the cells were 
seeded was stained in red. On the other hand, a surface 
treated with Ti thermal spraying processing in which the 
cells were not seeded, i.e., the rear side of the stem, 
was not stained. This means that cells differentiated to 

50 the osteoblasts existed on an entire surface in which the 
cells were seeded. 

[0077] A line from greater trochanter to lesser tro- 
chanter at femur head side of a right femur of a beagle 
dog was made to incision, and the femur head was ex- 
55 tracted. Rasping was performed using medullary cavity 
expansion and trial. Surfaces of the stem, in which the 
above prepared cells were mounted on one side, was 
washed with PBS (-) and physiological saline solution. 
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Subsequently, the stem was inserted into a medullary 
cavity of the femur, and an artificial bone head was at- 
tached to the stem. 

[0078] The dog was slaughtered three weeks after the 
operation, and the implanted stem portion was extract- 
ed. The surface of the stem, which is treated with the Ti 
thermal spraying processing, was histologically ob- 
served. The Ti spraying surface in which the cells were 
mounted was observed that new bone was formed in 
the cavity of the Ti spraying surface, the entire surface 
in which the cells were mounted was covered with the 
new bone. On the contrary, the Ti spraying surface in 
which the ceils were not mounted was observed that the 
stem was partially contacted with the bone. 
[0079] The present embodiments may be embodied 
with following modifications. 

[0080] The artificial material may be composed of the 
combination of metallic material or ceramic material with 
synthetic resin. For example, in the artificial joint con- 
sisting of a stem portion, a head portion, and an acetab- 
ular portion, the stem portion and the head portion may 
be made of the metallic material or the ceramic material, 
while the acetabular portion may be made of the syn- 
thetic resin material. The above composition achieves 
an implant material in which each part has its optimal 
mechanical properties. Therefore, it is possible to re- 
duce discomfort for a living body. 
[0081] The surface of an implant material made of bi- 
oinert material may not be coated with bioactive sub- 
strate. Even when the above implant material is used, 
the mesenchymal stem cells, osteoblasts, and osteo- 
progenitor cells may be adhered to the surface of the 
artificial material, and the surface of the artificial material 
may be coated with bone matrix produced by the oste- 
oblasts and the osteoprogenitor cells. 
[0082] The surface of the artificial material may not be 
formed porous, but be flat. The artificial material with a 
flat surface may easily be molded. 
[0083] The implant material may be constituted of an 
artificial material that includes bioinert material in which 
mesenchymal stem cells, osteoblasts, and osteopro- 
genitor cells could not be adhered and proliferated, and 
is coated with a bioactive substrate on the surface of the 
artificial material. The above implant material may allow 
to adhere at least one kind of cells selected from the 
osteoblasts and the osteoprogenitor cells to the surface 
of the implant material , and may be coated with the bone 
matrix. 

[0084] As an osteoblast or a osteoprogenitor cell to 
be adhered to the surface of the implant material; cells 
derived from homogeneous biological organisms hav- 
ing identical major histocompatibility complex (MHC), or 
human lymphocyte antigen (HLA) may be used. Alter- 
natively, cells that do not have identical MHC or HLA 
may be used, while the immunosuppressant may be ad- 
ministered. When the above cells are used for an im- 
plant material, it is possible to surely suppress the re- 
jection by autoimmunity. When marrow cells of a living 



body scheduled to be implanted are suspicious of can- 
cerous, it is afraid that innidiation and metastasis of the 
cancer is promoted by implanting an implant material in 
which cells derived from the cancerous marrow cells are 
5 adhered to such a living body. However, the above pos- 
sibility may be avoided by using marrow cells obtained 
from a healthy, non-cancerous organism. In addition, 
when a cord blood, more specifically, the mesenchymal 
stem cells included in the cord blood may be used, it is 
10 very advantageous. 

[0085] A part of the mallow cells or the mesenchymal 
stem cells may be cultured in the cultural solution with 
the artificial material, and the remainder may be cultured 
on the culture dish. After the number of the cells on the 
15 culture dish increases, the cells may be adhered to the 
surface of the artificial material, and then cultured. In 
addition, a part of cells, the number of which is increased 
by the subculture, may be adhered to the surface of the 
artificial material and be cultured, and the remaining 
20 cells may further be subcultured. After the number of the 
subcultured cells increases, the subcultured cells may 
be adhered to the surface of the artificial material, and 
be cultured. The above construction may efficiently in- 
crease the number of osteoblasts and osteoprogenitor 
25 cells in a short period of time. This greatly shortens the 
period for fabricating the implant material. In addition, 
more cells may be adhered to the surface of the implant 
material. 

[0086] The implant material may be fabricated using 
30 an artificial material molded on the shape that conforms 
to a bone defective part or a bone vacant part, and the 
resultant implant material may be implanted on the bone 
defective part or the bone vacant part. The above im- 
plant material may give the desired mechanical proper- 
35 ties, and improve the bone tissue repair speed and the 
biocompatibility. 

[0087] As a differentiating inducing factor for differen- 
tiating mesenchymal stem cells to osteoblasts and os- 
teoprogenitor cells, bone morphogenetic protein, fibrob- 
40 last growth factor, glucocorticoid or prostaglandin may 
be used. 

[0088] At least one growth factor selected from dex- 
amethasone, bone morphogenetic protein, fibroblast 
growth factor, glucocorticoid, and prostaglandin may be 
45 attached to, adhered to, or soaked in the surface of the 
implant material. The above implant material may fur- 
ther be enhanced its bone repair activity. 



50 Claims 

1 . An implant material includes a bioinert artificial ma- 
teria! implantable in a living body as a replacement 
of bone tissue, wherein the artificial material is al- 
55 lowed to adhere at least one kind of cells selected 
from osteoblasts and osteoprogenitor cells, and is 
coated with bone matrix produced by the adhered 
cells. 
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2. The implant material according to claim 1 , wherein 
the artificial material is composed of at least one of 
materials selected from titanium, titanium alloy, 
stainless steel, cobalt-chromium alloy, cobalt-chro- 
mium-molybdenum alloy, alumina ceramics, carbon 
ceramics, zirconia ceramics, silicon carbide ceram- 
ics, silicon nitride ceramics, glass ceramics, poly- 
ethylene, polystyrene, polytetrafluoroethylene, 
polyurethane, polyvinyl alcohol, polypropylene, 
polycarbonate, polymethyl methacrylate, methacr- 
ylate polymer, silicone resin and bioabsorbable pol- 
ymer. 

3. The implant material according to claim 1 or 2, 
wherein the surface of the artificial material is coat- 
ed with a bioactive substrate. 

4. The implant material according to claim 3, wherein 
the bioactive substrate includes at least one select- 
ed from hydroxyapatite, tricalcium phosphate, cal- 
cium-deficient apatite, amorphous calcium phos- 
phate, tetracalcium phosphate, octacalcium phos- 
phate, fluorapatite, carbonate-apatite, calcium py- 
rophosphate, brushite, monetite, calcium carbon- 
ate, glass ceramics containing apatite, glass ce- 
ramics containing calcium metaphosphate, and bi- 
oglass. 

5. The implant material according to any one of claims 
1 to 4, wherein the artificial material includes at least 
one of metallic materials selected from titanium, ti- 
tanium alloy, stainless steel, cobalt-chromium alloy, 
and cobalt-chromium-molybdenum alloy. 

6. The implant material according to any one of claims 
1 to 4, wherein the artificial material includes at least 
one of ceramic materials selected from alumina ce- 
ramics, carbon ceramics, zirconia ceramics, silicon 
carbide ceramics, silicon nitride ceramics, and 
glass ceramics. 

7. The implant material according to any one of claims 
1 to 4, wherein the artificial material includes at least 
one of synthetic resin materials selected from poly- 
ethylene, polystyrene, polytetrafluoroethylene, 
polyurethane, polyvinyl alcohol, polypropylene, 
polycarbonate, polymethyl methacrylate, methacr- 
ylate polymer, silicone resin, and bioabsorbable 
polymer. 

8. The implant material according to any one of claims 
1 to 7, wherein the bone matrix includes a growth 
factor secreted from at least one kind of cells se- 
lected from marrow cells, mesenchymal stem cells, 
osteoblasts, and osteoprogenitor cells. 



rous surface. 

10. The implant material according to any-one of claims 
1 to 9, wherein at least part of the bone matrix is 

5 calcified. 

1 1 . The implant material according to any one of claims 
1 to 10, wherein the osteoblasts or osteoprogenitor 
cells are obtained by culturing and then differentiate 

10 ing the mesenchymal stem cells derived from a liv- 
ing body. 

12. A method for fabricating implant materials implant- 
ed in a living body as a replacement for bone tissue, 

15 the method comprising: 

step of culturing mesenchymal stem cells ob- 
tained from a living body to differentiate to at 
least one kind of cells selected from osteoblasts 

20 and osteoprogenitor cells; and 

step of culturing differentiated cells with a bio- 
inert artificial material, wherein the differentiat- 
ed cells are adhered to the surface of the arti- 
ficial material, and the surface of the artificial 

25 material is coated with bone matrix produced 

by the differentiated cells. 

13. The method according to claim 12, further compris- 
ing the step of increasing the number of differenti- 

30 ated cells through subculture. 

14. A method for fabricating implant materials implant- 
ed in a living body as a replacement for bone tissue, 
the method comprising: 
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step of culturing mesenchymal stem cells ob- 
tained from a living body with a bioinert artificial 
material; and 

step of adhering the mesenchymal stem cells 
to the surface of the artificial material, and dif- 
ferentiating adhered mesenchymal stem cells 
to at least one kind of cells selected from oste- 
oblasts and osteoprogenitor cells, wherein the 
surface of the artificial material is coated with 
bone matrix produced by the differentiated 
cells. 



The implant material according to any one of claims 
1 to 8, wherein the artificial material includes a po- 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to transplant ma- 
terials or implant material, such as artificial joints, artificial 
bones and artificial tooth roots, which are used for sur- 
gical treatments of humans, pets, domestic animals, and 
the like, and the fabricating method of the transplant ma- 
terials. The transplant materials of the present invention 
are implanted in a living body as a replacement for bone 
tissues. 

BACKGROUND ART 

[0002] As implant materials of the above kinds, an ar- 
tificial joint, which is composed of a stem portion, a head 
portion, and an acetabular portion, is well known. The 
stem portion and the head portion of the conventional 
artificial joint have been composed of bioinert materials, 
such as titanium alloy or alumina ceramics, since these 
materials retain greater strength as well as are difficult 
to corrode. On the other hand, the acetabular portion of 
the conventional artificial joint has been composed of 
high-density polyethylene that has adequate resiliency 
and biotolerant. When the above artificial joint is implant- 
ed as a replacement of a damaged hip joint, the stem 
portion is implanted in a hollow part perforated for the 
upper part of a femur through bone cement made of 
polymethyl methacrylate (PMMA), and the acetabular 
portion is implanted in a coxal bone located in the lower 
part of a pelvis through the bone cement. The implanted 
artificial joint sufficiently functions as a hip joint, and also 
retains greater strength while avoiding the corrosion. 
[0003] However, it is well known that the PMMA bone 
cement generates very high heat of polymerization when 
methyl methacrylate monomer is polymerized to harden. 
Therefore, the problem exists that the heat of polymeri- 
zation seriously damages bone tissues where the bone 
tissues and bone cement contact. To solve the above 
problems, a following therapy has been performed, which 
uses natural healing power of a patient. In the therapy, 
the operation in which the stem portion and the acetab- 
ular portion of the artificial joint were implanted was per- 
formed so that these portions directly contact the bone 
tissues without using bone cement. Subsequently, the 
patient was made to keep quiet in bed until the artificial 
joint was sufficiently fixed to the bone tissues. 
[0004] When the above therapy was performed, the 
mesenchymal stem cells which exist in patient bone mar- 
row migrate to the clearance between the artificial joint 
and the bone tissues and then are adhered. Subsequent- 
ly, the adhered mesenchymal stem cells proliferate and 
differentiate to osteoblasts having high bone repair ac- 
tivity. Then, the osteoblasts produce bone matrix. The 
bone matrix covers the surfaces of the artificial joint and 
bone tissues to fill the clearance. As a result, the artificial 
joint is fixed. 



[0005] Japanese Laid-Open Patent Publication No. 
3-45267 discloses filling materials for a bone defective 
part and a bone vacant part. The filling materials are com- 
posed of body fluid containing osteoblasts and/or oste- 

5 oprogenitor cells, which is obtained from an animal, and 
calcium phosphate compounds. The filling materials for 
the bone defective part and the bone vacant part are 
prepared by the steps of adsorbing the body fluid from 
the animal itself to be treated to porous or granular cal- 

10 cium phosphate compounds, and culturing artificially, if 
necessary. The bone defective part and the bone vacant 
part of the animal are filled with the resultant filling ma- 
terials for the bone defective part and the bone vacant 
part. The filling materials have excellent biocompatibility, 

is and do not cause xenobiotic reaction and inflammatory 
reaction. In addition, the leakage of the filling materials 
from a filling site is very little. Therefore, rapid formation 
of new bone may be expected. 
[0006] On the other hand, the conventional artificial 

20 joint has possibility for damaging the living tissues, such 
as circumferential bone tissues, since PMMA bone ce- 
ment for connecting the artificial joint to the bone tissues 
generates a heat during the polymerization, and also the 
residual monomer elutes out. Therefore, when the artifi- 

25 cial joint is used under a mechanically (i.e., physically) 
severe condition, the boundary face between the stem 
or acetabular portion and bone tissues surrounding it is 
destroyed. In addition, there is remarkably high possibility 
that the artificial joint will become loose or disengaged. 

30 [0007] Further, the above-mentioned conventional 
therapy using natural healing power requires a long pe- 
riod of time until the mesenchymal stem cells to the sur- 
faces of the artificial joint and bone tissues, and then 
produce bone matrix. In particular, an aged living body 

35 requires a very long period of time for being completely 
recovered, since they have less mesenchymal stem cells 
in their body and bone tissue repair speed by osteoblasts 
and osteoprogenitor cells is remarkably slow. 
[0008] In the conventional filling materials for the bone 

^0 defective part and the bone vacant part, porous or gran- 
ular calcium phosphate ceramics are used as a sub- 
strate. The ceramics composed of these substrates have 
low mechanical strength, and are typically brittle. There- 
fore, they could not be used for the site in which a large 

45 load is applied or elastic deformation is required. 

[0009] WO97/40137 discloses a porous hydroxyapa- 
tite/tricalcium phosphate ceramic implant coated with 
several materials. The disposition of bone matrix may 
start at the time of implantation. In particular, a porous 

50 hydroxyapatite/tricalcium phosphate ceramic implant is 
described coated with fibronectin and inoculated with 
mesenchymal stem cells resulting in the deposit of bone 
matrix in vivo, i.e. after implantation. The bone matrix is 
not produced in vitro and the implant of WO97/40137 

55 forms an integral part of the body once the bone matrix 
has been formed in vivo. 
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DISCLOSURE OF THE INVENTION 

[0010] The objectives of the present invention are to 
solve the above problems of the prior art; to provide im- 
plant materials, which give desired mechanical proper- 
ties as well as have improved bone tissue repair speed 
and biocompatibiiity; and to provide a method for fabri- 
cating such implant materials. 

[0011] To achieve the above objectives, the first aspect 
of the present invention includes implant materials im- 
plantable in a living body as a replacement of bone tissue, 
the implant material being characterized by a bioinert or 
biotolerant material; at least one kind of cells selected 
from osteoblasts and osteoprogenitor cells adhered to 
the surface of the bioinert or biotolerant material, the at 
least one kind of cells having enhanced repair activity; 
and bone matrix produced in vitro by the adhered cells 
and coating the surface of the bioinert or biotolerant ma- 
terial. 

[0012] Another aspect of the present invention in- 
cludes the above described implant materials in which 
the bioinert or biotolerant material is composed of at least 
one of materials selected from titanium, titanium alloy, 
stainless steel, cobalt-chromium alloy, cobalt-chromium- 
molybdenum alloy, alumina ceramics, carbon ceramics, 
zirconia ceramics, silicon carbide ceramics, silicon nitride 
ceramics, glass ceramics, polyethylene, polystyrene, 
polytetrafluoroethylene, polyurethane, polyvinyl alcohol, 
polypropylene, polycarbonate, polymethyl methacrylate, 
methacrylate polymer, silicone resin, and bioabsorbable 
polymer. 

[001 3] The further aspect of the present invention in- 
cludes the above described implant materials in which 
the surface of the bioinert or biotolerant material is coated 
with bioactive substrate. 

[0014] The further aspect of the present invention in- 
cludes the above described implant materials in which 
the bioactive substrate includes at least one of materials 
selected from hydroxyapatite, tricalcium phosphate, cal- 
cium-deficient apatite, amorphous calcium phosphate, 
tetracalcium phosphate, octacalcium phosphate, fluora- 
patite, carbonate-apatite, calcium pyrophosphate, brus- 
hite, monetite, calcium carbonate, glass ceramics con- 
taining apatite, glass ceramics containing calcium met- 
aphosphate, and bioglass. 

[001 5] The bioinert or biotolerant material may be com- 
posed of at least one of metallic materials selected from 
titanium, titanium alloy, stainless steel, cobalt-chromium 
alloy, and cobalt-chromium-molybdenum alloy. 
[001 6] The bioinert or biotolerant material may be com- 
posed of at least one of ceramic materials selected from 
alumina ceramics, carbon ceramics, zirconia ceramics, 
silicon carbide ceramics, silicon nitride ceramics, and 
glass ceramics. 

[001 7] The bioinert or biotolerant material may be com- 
posed of at least one of synthetic resin materials selected 
from polyethylene, polystyrene, polytetrafluoroethylene, 
polyurethane, polyvinyl alcohol, polypropylene, polycar- 



bonate, polymethyl methacrylate, methacrylate polymer, 
silicone resin, and bioabsorbable polymer. 
[0018] The bone matrix may include a growth factor 
secreted from at least one kind of cells selected from 

5 marrow cells, mesenchymal stem cells, osteoblasts, and 
osteoprogenitor cells. The artificial material may be 
formed to have porous surface. In addition, at least part 
of the bone matrix may be calcified. The osteoblasts and 
the osteoprogenitor cells may be differentiated cells ob- 

io tained by culturing the mesenchymal stem cells derived 
from a living body. 

[0019] The further aspect of the present invention in- 
cludes a method for fabricating implant materials of the 
present invention. The method includes steps of in vitro 
15 culturing mesenchymal stem cells obtained from a living 
body to differentiate to at least one kind of cells selected 
from osteoblasts, and osteoprogenitor cells, and cultur- 
ing the differentiated cells with a bioinert or biotolerant 
material. As a result, the differentiated cells are adhered 
on the surface of the bioinert or biotolerant material, and 
the surface of the artificial material is coated with bone 
matrix produced in vitro by the differentiated cells. 
[0020] The method may further include a step of sub- 
culturing differentiated cells to increase the number of 
the cells. 

[0021] Another method of the present invention in- 
cludes steps of in vitro culturing mesenchymal stem cells 
obtained from a living body with a bioinert or biotolerant 
material, adhering the mesenchymal stem cells to the 
surface of the artificial material, and differentiating the 
adhered mesenchymal stem ceils to at least one kind of 
cells selected from osteoblasts and osteoprogenitor 
cells. As a result, the surface of the artificial material is 
coated with bone matrix produced in vitro by the differ- 
entiated cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Fig. 1 illustrates a schematic view of an artificial joint, 
which is one of the artificial materials used as an 
implant material of the present invention, having a 
stem portion and an artificial head portion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0023] The present embodiments will be described be- 
low in detail. 

[0024] Bone tissue is composed of bone matrix, and 
bone cells to which osteoblasts and osteoprogenitor cells 
differentiate. The bone cells are fixed on ossepus lacu- 
nae scattered in the bone matrix. The bone matrix is com- 
posed of relatively small amount of mucopolysaccharide 
proteins (proteoglycan), the main component of which is 
chondroitin sulfate, large amount of calcium phosphate, 
magnesium phosphate, calcium carbonate, and the like, 
and also contains various growth factors such as bone 
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morphogenetic protein (BMP). In addition, the bone ma- 
trix normally contains considerable amount of collagen 
fibers, which give certain degree of resiliency to the bone. 
On the other hand, inorganic components such as apatite 
are formed by the action of osteoblasts (calcification of 
the bone matrix), which give hardness to the bone. 
[0025] When the bone tissue is formed or remodeled, 
osteoblasts, osteoprogenitor cells, and osteoclasts, 
which exist at the circumference of the bone matrix, work, 
respectively. The osteoblasts and the osteoprogenitor 
cells are produced by the differentiation of the mesen- 
chymal stem cells. The mesenchymal stem cells exist in 
bone marrow, and have very vigorous differentiating po- 
tency. Dexamethasone, which is one of steroid hor- 
mones, involves in vitro differentiation of the mesenchy- 
mal stem cells to osteoblasts, and osteoprogenitor cells. 
[0026] The implant material of the present invention 
includes a bioinert or biotolerant material implanted in a 
living body as a replacement of the bone tissue, which 
is obtained by the following steps. That is, at least one 
kind of cells selected from osteoblasts and osteoprogen- 
itor cells are adhered to the surface of the artificial ma- 
terial, and the artificial material is coated with the bone 
matrix produced by the cells. The implant material may 
be used for a replacement of bone tissue when the bone 
tissue of a human, a pet, or a domestic animal are dam- 
aged, and may be implanted in a living body. 
[0027] As used herein, "implanting" is defined as when 
an artificially fabricated material is surgically implanted 
in a living body. 

[0028] The bioinert or biotolerant material is used in 
various shapes as a replacement of the bone tissue. For 
example, the artificial material may include an artificial 
joint such as a hip joint, a knee joint, a finger joint, a 
shoulderjoint, an elbow joint, and an ankle joint; a metallic 
artificial bone; an artificial bone made of synthetic resin; 
an artificial bone made of ceramics; volts (screw) for cou- 
pling bone tissues; prosthesis materials; dental implant 
materials; and bone connecting supplies. 
[0029] The materials may be composed of bioinert ma- 
terial s that are not degraded or decomposed in a living 
body, or the decomposition products of which do not ad- 
versely affect on a living body. The bioinert material is 
composed of materials other than bioactive materials, 
which can directly bond to bone tissue without using coat- 
ing film (i.e., foreign film) when implanted in a living body 
as a replacement of the bone tissue, and also includes 
biotolerant materials and bioinert materials. 
[0030] The biotolerant material includes materials that 
are separated from the tissues of a living body, with con- 
nective tissue thick film (i.e., foreign film) being formed 
between the bone tissues and the biotolerant material 
when it is implanted in the living body. For example, high- 
density polyethylene, stainless steel, and the like may be 
included. The bioinert material includes materials in 
which thin film (i.e., foreign film) is intervened between 
the bone tissues and the bioinert material when it is im- 
planted in a living body, or may directly connect a part of 



the bone tissues under the favorable condition. For ex- 
ample, alumina ceramics, carbon ceramics, zirconia ce- 
ramics, titanium alloy, and the like may be included. 
[0031] In addition, the bioinert or biotolerant material 
5 is preferably composed of materials to which mesenchy- 
mal stem cells, osteoblasts, and osteoprogenitor cells 
are adhered to proliferate, and the surface of which is 
coated with bone matrix produced by these cells. At least 
one of the materials selected from titanium , titanium alloy, 
10 stainless steel, cobalt-chromium alloy, cobalt-chromium- 
molybdenum alloy, alumina ceramics, carbon ceramics, 
zirconia ceramics, silicon carbide ceramics, silicon nitride 
ceramics, glass ceramics, polyethylene, polystyrene, 
polytetrafluoroethylene, polyurethane, polyvinyl alcohol, 
15 polypropylene, polycarbonate, polymethyl methacrylate, 
methacrylate polymer, silicone resin and bioabsorbable 
polymer may be included as the above-mentioned ma- 
terial. 

[0032] When the material is used as a replacement for 
bone tissue that requires greater strength, metallic ma- 
terials such as titanium, titanium alloy, stainless steel, 
cobalt-chromium alloy, and cobalt-chromium-molybde- 
num alloy, or ceramic materials such as alumina ceram- 
ics, carbon ceramics, zirconia ceramics, silicon carbide 
ceramics, silicon nitride ceramics, and glass ceramics 
may be preferable. 

[0033] When the material is used as a replacement for 
bone tissue that requires flexibility, elasticallydeformable 
synthetic resin materials such as polyethylene, polysty- 
rene, polytetrafluoroethylene, polyurethane, polyvinyl al- 
cohol, polypropylene, polycarbonate, polymethyl meth- 
acrylate, methacrylate polymer, silicone resin, and bio- 
absorbable polymer may be preferable. 
[0034] The surface of the bioinert or biotolerant mate- 
rial may be preferably porous. Because it is easy to enter 
mesenchymal stem cells, osteoblasts, and osteoprogen- 
itor cells into pores of the material, and these cells are 
more stably fixed in the pores. 
[0035] The surface of the bioinert or biotolerant mate- 
rial may preferably be coated with bioactive substrate. 
As a result, the fixation of the osteoblasts and the oste- 
oprogenitor cells and the production of bone matrix may 
further be promoted, and biocompatibility of the material 
may also be improved. The bioactive substrate includes 
calcium phosphates such as hydroxyapatite, tricalcium 
phosphate, calcium-deficient apatite, amorphous calci- 
um phosphate, tetracalcium phosphate, octacalcium 
phosphate, fluorapatite, carbonate-apatite, calcium py- 
rophosphate, monetite, brushite; calcium carbonates; 
compounds that allow to adsorb calcium phosphates in 
a living body; compounds that allow to form an apatite 
layer on the surface of the material in a living body such 
as bioactive glass including glass-ceramics containing 
apatite, glass-ceramics containing calcium metaphos- 
phate, and bioglass; and titanium, titanium alloy, and pol- 
ymer materials, which allow to form an apatite layer by 
pseudo-body fluid dipping process. 
[0036] The osteoblasts or the osteoprogenitor cells 
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may preferably be obtained by culturing mesenchymal 
stem cells in a cultural solution containing differentiating 
inducing factor (dexamethasone), and differentiating 
them. Here, the mesenchymal stem cells may be prolif- 
erated by separating and culturing marrow cells obtained 
from a living body, which is scheduled to be implanted 
the implant material. This surely prevents adverse prob- 
lems such as occurrence of rejection caused by autoim- 
munity after the implantation. 

[0037] The surface of the bioinert or biotolerant mate- 
rial may preferably be thickly coated with bone matrix to 
improve the biocompatibility after the implantation. More 
preferably, a part of the coated bone matrix may be cal- 
cified. In addition, the bone matrix may preferably contain 
a growth factor such as bone morphogenetic protein, 
which is secreted by at least one of cells selected from 
marrow cells, mesenchymal stem cells, osteoblasts, and 
osteoprogenitor cells. Since the growth factor promotes 
physiological adhesion, proliferation, and differentiation 
of mesenchymal stem cells of a living body in which the 
implant material was implanted, bone tissue repair speed 
and biocompatibility may be more improved. 
[0038] The action of the implant materials will now be 
explained. 

[0039] When the above implant material is fabricated, 
first a bioinert or biotolerant material having a predeter- 
mined shape, which is used for a replacement of bone 
tissue, is prepared. Next, the surface of the material is 
coated with bioactive substrate, such as hydroxyapatite 
using plasma spraying process, pseudo-body fluid dip- 
ping process, alternate dipping process, and the like. 
Subsequently, the coated material is sterilized. Next, 
marrow cells are obtained using a syringe from a living 
body that is scheduled to be implanted. At this stage, it 
is preferable to increase the number of mesenchymal 
stem cells obtained from the marrow cells through well- 
known separating, culturing, or subculturing techniques. 
[0040] Subsequently, the marrow cells or the mesen- 
chymal stem cells are adhered to the bioinert or biotol- 
erant material, and the resultant material is cultured in a 
solution containing dexamethasone, 0-sodium glycero- 
phosphate, and ascorbic acid, and the cells adhered to 
the artificial material are differentiated to osteoblasts and 
osteoprogenitor cells. Then, the surface of the artificial 
material is coated with bone matrix produced by these 
cells. Alternatively, the marrow cells or the mesenchymal 
stem cells may be cultured in the culture solution in ad- 
vance to differentiate to osteoblasts and osteoprogenitor 
cells. The resultant osteoblasts and osteoprogenitor cells 
may be cultured with a sterilized material. As a result, 
these cells may adhere to the surface of the material, 
and the surface of the material may be coated with bone 
matrix produced by these cells. 
[0041] When the marrow cells or the mesenchymal 
stem cells are cultured with the bioinert or biotolerant 
material to differentiate, a cell-suspended solution con- 
taining the marrow cells or the mesenchymal stem cells 
is prepared, and then an artificial material is soaked in 



8 

the cell-suspended solution. As a result, the cells are 
adhered to the surface of the material soaked in the so- 
lution. Subsequently, the material is cultured in the solu- 
tion. The marrow cells or the mesenchymal stem cells 
5 adhered to the material proliferate at the surface of the 
material, and then differentiate to osteoblasts and oste- 
oprogenitor cells. The differentiated osteoblasts and os- 
teoprogenitor cells extracellularly produce bone matrix. 
The surface of the material is directly coated with the 
10 bone matrix without being intervened with a foreign film. 
[0042] Alternatively, when the marrow cells or the mes- 
enchymal stem cells are differentiated to the osteoblasts 
and the osteoprogenitor cells in advance, and then the 
differentiated cells are cultured with the bioinert or bio- 
15 tolerant material, the marrow cells or the mesenchymal 
stem cells are initially cultured in a culture dish, which 
fills with the culture solution. These cells quickly prolifer- 
ate while adhering on the bottom surface of the culture 
dish since they have high proliferation potency. Subse- 
quently, when these cells are cultured in the culture so- 
lution, they are differentiated to a large number of oste- 
oprogenitor cells and osteoblasts. If necessary, subcul- 
ture is performed to additionally increase the number of 
cells. After the number of the osteoblasts and the oste- 
oprogenitor cells sufficiently increases, these cells are 
detached from the bottom surface of the dish using 
trypsin solution or the like, and then suspended in the 
culture solution to prepare a cell-suspended solution. 
Subsequently, the artificial material is soaked in the cell- 
suspended solution, and then incubated in an incubator. 
Here, some osteoblasts and osteoprogenitor cells ad- 
here to the surface of the material soaked in culture so- 
lution, and then grow on its surface. Then, the cells pro- 
duce bone matrix. The resultant bone matrix is directly 
coated on the surface of the material without a foreign 
film being intervened. 

[0043] When the above implant-material is implanted 
in a living body as a replacement of bone tissue, the sur- 
face of the implant material is coated with cells of a living 
body itself and bone matrix derived from the living body 
to be implanted. Therefore, the implanted material has 
considerably high biocompatibility for adjacent bone tis- 
sues, other tissues, and ceils. In addition, since the bone 
matrix is coated on an entire surface of the implant ma- 
terial, the living body does not recognize implant material 
as a foreign body, and occurrence of inflammatory reac- 
tion and formation of coated film (i.e., foreign film) can 
be avoided. 

[0044] In addition, the osteoblasts and the osteopro- 
genitor cells that are adhered to the surface of the implant 
material in advance have already high bone repair activity 
at the time when implanted. Therefore, new bone forma- 
tion is started while the circumference of the implanted 
material is coated with the bone matrix immediately after 
the implantation. With the passage of the time, the clear- 
ance between the implant material and bone tissues sur- 
rounding the implant material is minutely filled with the 
cells to repair the bone, and then the implant material is 
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more surely fixed. 

[0045] Also, the bone matrix produced on the surface 
of the implant material promotes physiological adhesion 
and growth of the abiogenetical mesenchymal stem cells, 
osteoblasts, and osteoprogenitor cells of the living body. 
Therefore, these cells are physiologically adhered to the 
implant material after the implantation. These cells start 
the bone repair while new bone matrix being produced 
on the bone matrix of the implant material. This achieve 
reliable fixation of the implant material in the bone tissue. 
[0046] After additional period of time passes, repaired 
bone tissues that surround the implant material would 
continually maintain the condition that is always and 
properly renewed by the physiological metabolism of the 
living body through the work of the osteoclasts, the os- 
teoprogenitor cells, and the osteoblasts. If this condition 
is maintained, either looseness or disengagement of the 
implant material rarely occurs for a long time use. 
[0047] The above embodiments of the present inven- 
tion have the following effects. 
[0048] The implant material of the present embodi- 
ment is obtained by the steps of adhering at least one 
kind of cells selected from osteoblasts and osteoprogen- 
itor cells to the surface of a bioinert artificial material, 
which is implanted in a living body as a replacement of 
bone tissue, and coating with bone matrix produced in 
vitro by the adhered cells. Since the bioinert material is 
used as the artificial material, it is possible to easily and 
surely give desired mechanical properties (mechanical 
strength, abrasion resistance, and the like) for an implant 
material. That is, the implant material may be selected 
based on wide variety of usages, such as a replacement 
for bone tissues having high mechanical strength, bone 
tissues having elastic deformability, and the like. 
[0049] Since the cells having greater bone repair ability 
are adhered to the surface of the implant material, they 
fill the clearance between the implant material and bone 
tissues surrounding the implant material from immedi- 
ately after the implantation, and the bone tissue repair 
speed is more increased. There are many cases in which 
abiogenetical bone tissue repair speed in vivo is slow in 
an aged organism. Even in such a case, early treatment 
and early fixation of the implant material may surely 
achieved by adhering cells with artificially enhanced bone 
repair activity. Therefore, the time required for complete 
recovery may be reduced, the period for incurring the 
bodily and mental suffering may also be reduced, and 
the cost for the treatment may be reduced. 
[0050] In addition, since the bone matrix produced in 
vitro by the osteoblasts and the osteoprogenitor cells are 
coated on the surface of the implant material, the bio- 
compatibility may be improved without a film (a foreign 
film) being formed between surface of the implant mate- 
rial and bone tissues surrounding the implant material. 
Therefore, it is possible to maintain high biocompatibility 
of the implant material in vivo for a long period of time 
from immediately after the implantation. Also, physiolog- 
ical adhesion and growth of abiogenetical mesenchymal 



stem cells, osteoblasts, and osteoprogenitor cells in vivo 
are facilitated. 

[0051] As mentioned above, according to the present 
invention, early treatment and early fixation of the implant 
5 material to the bone tissues are easily and surely 
achieved. In addition, the implanted material may be 
used for a long period of time without any troubles. 
[0052] In the conventional artificial joint, PMMA bone 
cement or an artificial material, which is a bioinert mate- 
10 rial, directly contacts the bone tissues. Therefore, there 
was a remarkably high possibility that film was formed 
on the surface of the artificial joint and the failure, such 
as looseness or disengagement of the artificial joint, oc- 
curs. However, the implant material of the present em- 
15 bodiments drastically raises the biocompatibility due to 
the bone matrix coated on the surface of the implant ma- 
terial. As the result, looseness and disengagement of the 
artificial joint rarely happen, and the implanted material 
may use for a long period of time without any troubles. 
20 [0053] In addition, since the PMMA bone cement gen- 
erates very high heat of polymerization, the bone tissue 
receives serious damages when contacting the bone ce- 
ment. As the result, the biocompatibility between bone 
cement and bone tissues surrounding the artificial joint 
25 drastically lowered, and the burden for a living body re- 
markably increased. In contrast, the implant material of 
the present embodiments has very much increased bone 
repair activity. Therefore, without using bone cement, the 
early fixation of the implant material can be achieved us- 
30 jng the natural healing power of a living body. Therefore, 
the above problems of heat of polymerization may be 
easily and surely solved. In addition, the problems of 
harmful residual monomer, which occur during the po- 
lymerization of the PMMA bone cement, may be surely 
35 solved. 

[0054] In the conventional implant material such as an 
artificial joint, it has been studied that the bone repair 
activity was raised by administering biological factors 
such as cytokine, which is an expensive drug in the treat- 
40 ment. On the other hand, since osteoblasts and osteo- 
progenitor cells having raised bone repair activity are ad- 
hered to the implant material of the present embodi- 
ments, and since it is not necessary to administrate the 
above biological factor, the present embodiments are 
45 economical. In addition, the burden for post-operative 
care may be alleviated. 

[0055] Conventionally, bone autograft substitute has 
been performed, in which bone tissue such as an iliac 
bone is obtained from a living body that is scheduled to 
50 be implanted and then is implanted into the living body 
as a replacement for damaged bone tissue. However, an 
extra operation is necessary for obtaining bone tissue 
other than damaged tissue in this bone autograft substi- 
tute. On the other hand, according to the present inven- 
55 tion, it is only necessary to perform an operation with 
small burden in which marrow cells are obtained using a 
syringe. Therefore, the above extra operation is not nec- 
essary, and the physical and mental suffering of the living 
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body to be implanted may also be reduced. 
[0056] Bone matrix of the implant material may further 
include biological factor, such as growth factor secreted 
from at least one kind of cells selected from marrow cells, 
mesenchymal stem cells, osteoblasts, and osteoprogen- 
itor cells. As a result, physiological adhesion and prolif- 
eration of mesenchymal stem cells of a living body in 
which the implant material was implanted and differenti- 
ation to osteoblasts and osteoprogenitor cells are pro- 
moted. In addition, even if cells adhered to the surface 
of the implant material are accidentally dead, bone matrix 
and the biological factor contained in the bone matrix 
promotes the physiological adhesion of the mesenchy- 
mal stem cells existing in the implanted living body. 
Therefore, bone tissue repair speed and biocompatibility 
are enhanced. 

[0057] The artificial material is composed of at least 
one of materials selected from titanium, titanium alloy, 
stainless steel, cobalt-chromium alloy, cobalt-chromium- 
molybdenum alloy, alumina ceramics, carbon ceramics, 
zirconia ceramics, silicon carbide ceramics, silicon nitride 
ceramics, glass ceramics, polyethylene, polystyrene, 
polytetrafluoroethylene, polyurethane, polyvinyl alcohol, 
polypropylene, polycarbonate, polymethyl methacrylate, 
methacrylate polymer, silicone resin and bioabsorbable 
polymer. As a result, degradation or decomposition of 
the implant material in vivo, or the adverse effects of the 
decomposed products from the implant material on a liv- 
ing body are avoided, and sure role as a replacement for 
damaged bone tissue is performed. 
[0058] fn addition, since most suitable material for 
treatment is properly selected from a wide variety of the 
materials, an implant material having desired mechanical 
property is obtained. More particularly, since the artificial 
material composed of metallic material and ceramic ma- 
terial has high mechanical strength, it is suitable for a 
replacement of bone tissue that requires high mechanical 
strength. Artificial material made of ceramics is made to 
easily form one having porous surface. Therefore, a 
weight saving of an implant material may be achieved. 
Artificial material made of elastically deformable synthet- 
ic resin is suitable for a replacement of the bone tissue 
that requires flexibility. 

[0059] Bioinert artificial material may promote implan- 
tation, growth, and bone repair of mesenchymal stem 
cells, osteoblasts, and osteoprogenitor cells, when the 
bioactive substrate is coated on the surface of the artificial 
material. 

[0060] It is possible to surely prevent the rejection by 
the autoimmunity of an implanted living body by using, 
as cells to be adhered to the implant material, osteoblasts 
and osteoprogenitor cells obtained by differentiating cul- 
tured mesenchymal stem cells derived from a living body 
scheduled to be implanted. 

[0061] Even if the mesenchymal stem cells are those 
obtained from an aged living body, it is possible to culture 
the cells in vitroto proliferate them. As a result, they have 
almost the same proliferating and differentiating potency, 
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as well as bone repair activity, as those derived from a 
young living body, and excellent therapeutic effects are 
achieved in the aged living body. 
[0062] By designing the surface of an artificial material 
s to be porous, it is possible that mesenchymal stem cells, 
osteoblasts, and osteoprogenitor cells easily enter the 
pores of the artificial material, and these cells are fixed 
in a stable condition. Since the superficial area increases 
in the porous artificial material, it is possible to fix more 
10 cells to the implant material. It is also possible to avoid 
looseness and disengagement of the implant material, 
since the larger area and the more complicated shape 
of the porous implant material contact bone tissues sur- 
rounding the implant material after the bone repairing. 
15 [0063] Calcification of the bone matrix achieves very 
firm bonding between the implant material and the bone 
tissues surrounding the implant material. Accordingly, 
biocompatibility of the implant material is more en- 
hanced, and the period until complete recovery is remark- 
20 ably reduced. 

[0064] The method for fabricating the implant material 
according to the present embodiments includes the steps 
of culturing in vitro mesenchymal stem cells obtained 
from a living body to differentiate to at least one kind of 
25 cells selected from osteoblasts and osteoprogenitor 
cells, and culturing in vitro the differentiated cells with a 
bioinert artificial material. As a result, the differentiated 
cells are adhered to the surface of the artificial material, 
and the surface of the artificial material is coated with 
30 bone matrix produced in vitro by the differentiated cells. 
The above method easily achieves the production of the 
implant material having the desired mechanical property 
and improved bone tissue repair speed and biocompat- 
ibility. 

35 

Examples 

[0065] The present invention will now be described 
with reference to the following examples in which the 
40 above-mentioned embodiments are embodied, and com- 
parative examples. 

(Subcutaneous implantation experiment) 

45 (Example 1 ) 

[0066] Marrow cells were obtained from a bone shaft 
of femurs of 7 week-old male Fischer rats, and oc-MEM 
(minimum essential medium) containing 1 5 % of fetal bo- 

50 vine serum (FBS) was added to the cells, and then ob- 
tained culture was primarily cultivated in an incubator (37 
°C, an atmosphere of 5% C0 2 ) for 7 - 12 days. 
[0067] After the primary culture, the cultured marrow 
cells were treated with 0.01 % of trypsin solution, and 1 

55 x 1 0 6 to 1 x 1 0 7 cells/ml of cell suspension was prepared. 
Disk artificial materials having a diameter of 34 mm and 
a thickness of 2 mm (made of titanium alloy, stainless 
steel, alumina ceramics and high-density polyethylene) 
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were added to the suspension, and were soaked in an 
incubator for two hours (37 °C, an atmosphere of 5% 
C0 2 ). Porous artificial materials having a rectangular par- 
allelepiped shape (3x3x5 mm) (made of titanium alloy, 
stainless steel, alumina ceramics and high-density poly- 
ethylene) were added to the suspension, and were 
soaked in an incubator for about 2 hours, as is like the 
above procedure. 

[0068] Subsequently, these materials were trans- 
ferred to a 35 mm culture dish, to which 2 ml of medium 
containing antibiotics, 10" 8 M of dexamethasone, 10 mM 
of ^-sodium glycerophosphate, and 50 jjig/ml of ascorbic 
acid was added, and were incubated for about one week 
(37 °C, an atmosphere of 5% C0 2 ). If necessary, the 
medium was changed. 

[0069] It was confirmed by alkaline phosphatase ac- 
tivity and alizarin red stain that the osteoprogenitor cells 
and the osteoblasts differentiated from the mesenchymal 
stem cells derived from bone marrow were adhered to 
the surface of the implant material, and the surface there- 
of was coated with bone matrix produced by these cells. 
In addition, the experiment in which the porous implant 
material was implanted in the back hypodermic of syn- 
geneic rats was performed. About one to two weeks later, 
new bone formation was confirmed on the surface of the 
implant material. 

(Comparative example 1 ) 

[0070] Four kinds of artificial materials (titanium alloy, 
stainless steel, alumina ceramics, and high-density pol- 
yethylene) were directly implanted in the back hypoder- 
mic of the rats. As a result, the intervention of fibrous 
tissue (a foreign film) surrounding the artificial materials 
was confirmed in the early stage after the implantation, 
and new bone formation was never confirmed. 

(Artificial joint using test) 

(Example 2) 

[0071] Marrow cells were obtained from an adult dog, 
and were primarily cultured for 7 - 12 days, as is like 
Example 1. After cultivation, a cell-suspended solution 
was prepared. The stem portion of the artificial hip joint 
composed of titanium alloy was soaked in the cell-sus- 
pended solution, and was incubated for two hours (37 
°C, an atmosphere of 5 % C0 2 ). Subsequently, the stem 
portion was transferred to a culture container containing 
culture medium identical to the medium used in example 
1 , and was cultured in an incubator (37 °C, an atmos- 
phere of 5% C0 2 ) for about 1 week. If necessary, the 
medium was changed. 

[0072] It was confirmed that the osteoprogenitor cells 
and the osteoblasts differentiated from the mesenchymal 
stem cells derived from bone marrow were adhered to 
the surface of the implant material, and the surface there- 
of was coated with bone matrix produced by these cells. 



In addition, when the stem portion of the artificial hip joint 
was implanted into a cavity of the femur of the adult dog, 
fixation between the stem portion and the femur was con- 
firmed. In the artificial hip joint, new bone formation was 
5 confirmed on the surface of the stem portion in early stage 
after the implantation, and the fixation of the stem was 
also quickly finished. 

(Comparative example 2) 

10 

[0073] An artificial hip joint without being soaked in the 
cell-suspended solution was implanted as is like in ex- 
ample 2. As a result, partial fixation between the stem 
portion and the femur was observed, and was resulted 
*s in the looseness of the stem portion. 

(Example 3) 

[0074] 2 ml of marrow cells were obtained from a hu- 
merus of a beagle dog having 1 2 kg of body weight. The 
obtained marrow cells were transferred to a tube con- 
taining 2 ml of FBS with heparin, and were centrifuged 
(900 rpm, 10 minutes, 24 °C). After fat cells and super- 
natant were removed from the centrifuged tube, cells 
were transferred to a T-75 flask, and were primary-cul- 
tured in a medium containing 1 5 % of FBS and antibiotics 
for ten days. The culture medium was exchanged 3 times 
per week. 

[0075] In this embodiment, an implant material having 
a stem 1 made of titanium (hereafter referred as Ti") and 
an artificial head 2 made of high purity alumina were used 
as shown in Fig. 1 . Both surfaces of the stem 1 include 
associated recesses 3 (depth; 0.5 mm, area; 1.3 cm 2 ). 
The implant material was treated with thermal spraying 
processing of pure Ti. Average surface roughness of the 
thermal spraying plane was 32 jtm. After the primary cul- 
ture, 0.25 % of trypsin was used for detachment process- 
ing, and a cell-suspended solution was prepared. 
[0076] A stem for a dog was put in the culture dish 
having a 94 mm diameter, and 1 x10 5 cells of the cell- 
suspended solution was put on a surface to be treated 
with the pure Ti thermal spraying processing (area; 
1 .3cm 2 ) of upper stem side, and incubated at 37 °C for 
30 minutes to adhere the cells to the surface to be treated 
with the Ti thermal spraying processing. Subsequently, 
48 ml of medium containing 10 mM of P-glycerophos- 
phate, 82 ^g/ml of vitamin C phosphate, and 10- 8 M of 
dexamethasone was added to carry out the subculture 
for 1 1 days. 

[0077] When subcultured stem was stained using a 
stain for an alkaline phosphatase, a surface treated with 
Ti thermal spraying processing in which the cells were 
seeded was stained in red. On the other hand, a surface 
treated with Ti thermal spraying processing in which the 
cells were not seeded, i.e., the rear side of the stem, was 
not stained. This means that cells differentiated to the 
osteoblasts existed on an entire surface in which the cells 
were seeded. 
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[0078] A line from greater trochanter to lesser trochant- 
er at femur head side of a right femur of a beagle dog 
was made to incision, and the femur head was extracted. 
Rasping was performed using medullary cavity expan- 
sion and trial. Surfaces of the stem, in which the above 
prepared cells were mounted on one side, was washed 
with PBS (-) and physiological saline solution. Subse- 
quently, the stem was inserted into a medullary cavity of 
the femur, and an artificial bone head was attached to 
the stem. 

[0079] The dog was slaughtered three weeks after the 
operation, and the implanted stem portion was extracted. 
The surface of the stem, which is treated with the Ti ther- 
mal spraying processing, was histologically observed. 
The Ti spraying surface in which the cells were mounted 
was observed that new bone was formed in the cavity of 
the Ti spraying surface, the entire surface in which the 
cells were mounted was covered with the new bone. On 
the contrary, the Ti spraying surface in which the cells 
were not mounted was observed that the stem was par- 
tially contacted with the bone. 
[0080] The present embodiments may be embodied 
with following modifications 

[0081] The bioinert or biotolerant material may be com- 
posed of the combination of metallic material or ceramic 
material with synthetic resin. For example, in the artificial 
joint consisting of a stem portion, a head portion, and an 
acetabular portion, the stem portion and the head portion 
may be made of the metallic material or the ceramic ma- 
terial, while the acetabular portion may be made of the 
synthetic resin material. The above composition 
achieves an implant material in which each part has its 
optimal mechanical properties. Therefore, it is possible 
to reduce discomfort for a living body. 
[0082] The surface of an implant material made of bi- 
oinert material may not be coated with bioactive sub- 
strate. Even when the above implant material is used, 
the mesenchymal stem cells, osteoblasts, and osteopro- 
genitor cells may be adhered to the surface of the artificial 
material, and the surface of the artificial material may be 
coated with bone matrix produced in vitro by the osteob- 
lasts and the osteoprogenitor cells. 
[0083] The surface of the artificial material may not be 
formed porous, but be fiat. The artificial material with a 
flat surface may easily be molded. 
[0084] The implant material may be constituted of an 
artificial material that includes bioinert material in which 
mesenchymal stem cells, osteoblasts, and osteoprogen- 
itor cells could not be adhered and proliferated, and is 
coated with a bioactive substrate on the surface of the 
artificial material. The above implant material may allow 
to adhere at least one kind of cells selected from the 
osteoblasts and the osteoprogenitor cells to the surface 
of the implant material, and may be coated with the bone 
matrix. 

[0085] As an osteoblast or a osteoprogenitor cell to be 
adhered to the surface of the implant material; cells de- 
rived from homogeneous biological organisms having 



identical major histocompatibility complex (MHC), or hu- 
man lymphocyte antigen (HLA) may be used. Alterna- 
tively, cells that do not have identical MHC or HLA may 
be used, while the immunosuppressant may be admin- 

s istered. When the above cells are used for an implant 
material, it is possible to surely suppress the rejection by 
autoimmunity. When marrow cells of a living body sched- 
uled to be implanted are suspicious of cancerous, it is 
afraid that innidiation and metastasis of the cancer is pro- 

10 moted by implanting an implant material in which cells 
derived from the cancerous marrow cells are adhered to 
such a living body. However, the above possibility may 
be avoided by using marrow cells obtained from a 
healthy, non-cancerous organism. In addition, when a 

is cord blood, more specifically, the mesenchymal stem 
cells included in the cord blood may be used, it is very 
advantageous. 

[0086] A part of the mallow cells or the mesenchymal 
stem cells may be cultured in vitro in the cultural solution 

20 with the artificial material, and the remainder may be cul- 
tured on the culture dish. After the number of the cells 
on the culture dish increases, the cells may be adhered 
to the surface of the artificial material, and then cultured. 
In addition, a part of cells, the number of which is in- 

25 creased by the subculture, may be adhered to the surface 
of the artificial material and be cultured, and the remain- 
ing cells may further be subcultured. After the number of 
the subcultured ceils increases, the subcultured cells 
may be adhered to the surface of the artificial material, 

30 and be cultured. The above construction may efficiently 
increase the number of osteoblasts and osteoprogenitor 
cells in a short period of time. This greatly shortens the 
period for fabricating the implant material. In addition, 
more cells may be adhered to the surface of the implant 

35 material. 

[0087] The implant material may be fabricated using 
an artificial material molded on the shape that conforms 
to a bone defective part or a bone vacant part, and the 
resultant implant material may be implanted on the bone 
<o defective part or the bone vacant part. The above implant 
material may give the desired mechanical properties, and 
improve the bone tissue repair speed and the biocom- 
patibility. 

[0088] As a differentiating inducing factor for differen- 
45 tiating mesenchymal stem cells to osteoblasts and oste- 
oprogenitor cells, bone morphogenetic protein, fibroblast 
growth factor, glucocorticoid or prostaglandin may be 
used. 

[0089] At least one growth factor selected from dex- 
50 amethasone, bone morphogenetic protein, fibroblast 
growth factor, glucocorticoid, and prostaglandin may be 
attached to, adhered to, or soaked in the surface of the 
implant material. The above implant material may further 
be enhanced its bone repair activity. 

55 
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Claims 

1. An implant material implantable in a living body as 
a replacement of bone tissue, the implant material 
being characterized by: 

a bioinert or biotolerant material; 
at least one kind of cells selected from osteob- 
lasts and osteoprogenitor cells adhered to the 
surface of the bioinert or biotolerant material, 
the at least one kind of cells having enhanced 
bone repair activity; and bone matrix produced 
in vitro by the adhered cells and coating the sur- 
face of the bioinert or biotolerant implant mate- 
rial. 

2. The implant material according to claim 1, wherein 
the bioinert or biotolerant material is composed of at 
least one of materials selected from titanium, titani- 
um alloy, stainless steel, cobalt-chromium alloy, co- 
balt-chromium-molybdenum alloy, alumina ceram- 
ics, carbon ceramics, zirconia ceramics, silicon car- 
bide ceramics, silicon nitride ceramics, glass ceram- 
ics, polyethylene, polystyrene, polytetrafluoroethyl- 
ene, polyurethane, polyvinyl alcohol, polypropylene, 
polycarbonate, polymethyl methacrylate, methacr- 
ylate polymer, silicone resin and bioabsorbable pol- 
ymer. 

3. The implant material according to claim 1 or 2, 
wherein the surface of the bioinert or biotolerant ma- 
terial is coated with a bioactive substrate. 

4. The implant material according to claim 3, wherein 
the bioactive substrate includes at least one selected 
from hydroxyapatite, tricalcium phosphate, calcium- 
deficient apatite, amorphous calcium phosphate, tet- 
racalcium phosphate, octacalcium phosphate, flu- 
orapatite, carbonate-apatite, calcium pyrophos- 
phate, brushite, monetite, calcium carbonate, glass 
ceramics containing apatite, glass ceramics contain- 
ing calcium metaphosphate, and bioglass. 

5. The implant material according to any one of claims 
1 to 4, wherein the bioinert or biotolerant material 
includes at least one of metallic materials selected 
from titanium, titanium alloy, stainless steel, cobalt- 
chromium alloy, and cobalt-chromium-molybdenum 
alloy. 

6. The implant material according to any one of claims 
1 to 4, wherein the bioinert or biotolerant material 
includes at least one of ceramic materials selected 
from alumina ceramics, carbon ceramics, zirconia 
ceramics, silicon carbide ceramics, silicon nitride ce- 
ramics, and glass ceramics. 

7. The implant material according to any one of claims 



1 to 4, wherein the bioinert or biotolerant material 
includes at least one of synthetic resin materials se- 
lected from polyethylene, polystyrene, poly- 
tetrafluoroethylene, polyurethane, polyvinyl alcohol, 
5 polypropylene, polycarbonate, polymethyl methacr- 
ylate, methacrylate polymer, silicone resin, and bio- 
absorbable polymer. 

8. The implant material according to any one of claims 
10 1 to 7, wherein the bone matrix includes a growth 
factor secreted from at least one kind of cells select- 
ed from marrow cells, mesenchymal stem cells, os- 
teoblasts, and osteoprogenitor cells. 

15 9. The implant material according to any one of claims 
1 to 8, wherein the bioinert or biotolerant material 
includes a porous surface. 

10. The implant material according to any-one of claims 
20 1 to 9, wherein at least part of the bone matrix is 

calcified. 

1 1 . The implant material according to any one of claims 
1 to 10, wherein the osteoblasts or osteoprogenitor 

25 cells are obtained by culturing and then differentiat- 
ing the mesenchymal stem cells derived from a living 
body. 

12. The implant material according to any one of claims 
30 1 to 1 1 , wherein the bone matrix contains collagen 

fibers. 

13. The implant material according to any one of the pre- 
ceding claims, wherein the implant material is com- 

35 posed of a bioinert or biotolerant material and the 
bone matrix directly contacts and entirely covers the 
surface of the bioinert or biotolerant material. 

14. A method for fabricating implant materials implanted 
^0 in a living body as a replacement for bone tissue, the 

method comprising: 

step of adhering mesenchymal stem cells ob- 
tained from a living body to a surface of a bioinert 

45 or biotolerant material; 

step of culturing the mesenchymal stem cells to 
differentiate to at least one kind of cells selected 
from osteoblasts and osteoprogenitor cells; and 
step of in vitro culturing differentiated cells on 

so the surface of the bioinert or biotolerant material 

and so that the surface of the bioinert or biotol- 
erant material is coated with the bone matrix pro- 
duced by the differentiated cells. 

55 15. The method according to claim 14, further compris- 
ing the step of increasing the number of differentiated 
cells through subculture. 
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1 6. A method for fabricating implant materials implanted 
in a living body as a replacement for bone tissue, the 
method comprising: 

step of in vitro culturing mesenchymal stem cells 
obtained from a living body with a bioinert or 
biotolerant material; 

to adhere the mesenchymal stem cells to the 
surface of the bioinert or biotolerant material, to 
differentiate the adhered mesenchymal stem 
cells to at least one kind of cells selected from 
osteoblasts and osteoprogenitor cells until the 
cells start producing bone matrix on the surface 
of the bioinert or biotolerant material , and to coat 
the surface of the bioinert or biotolerant material 
with the bone matrix produced in vitro by the 
differentiated cells. 

17. The method according to one of claims 14 and 16, 
wherein the step of culturing the mesenchymal stem 
cells includes enhancing bone repair activity of the 
at least one kind of ceils. 



Patentanspruche 

1 . Implantatmaterial, das in einen lebenden Korper als 
Ersatz von Knochengewebe implantierbar ist, wobei 
das Implantatmaterial durch folgendes gekenn- 
zeichnet ist: 

- ein bioinertes oder biotolerantes Material; 

- zumindest eine Art von Zellen ausgewahlt aus 
Osteoblasten und Knochenvoriauferzellen, die 
an der Oberflache des bioinerten oder biotole- 
ranten Materials anhaften, wobei die zumindest 
eine Art von Zellen eine verbesserte Knochen- 
reparatur-Aktivitat aufweist; und 

- eine Knochenmatrix, die durch die anhaften- 
den Zellen in vitro erzeugt wird und die die Ober- 
flache des bioinerten oder biotoleranten Mate- 
rials beschichtet. 

2. Implantatmaterial nach Anspruch 1 , 

wobei das bioinerte oder biotolerante Material aus 
zumindest einem der Materialien zusammengesetzt 
ist, ausgewahlt aus Titan, Titanlegierungen, rostfrei- 
em Stahl, Cobalt-Chromlegierungen, Cobalt- 
Chrom-Molybdenlegierungen, Aluminiumoxidkera- 
miken, Kohlenstoffkeramiken, Zirconoxidkerami- 
ken, Siliciumcarbidkeramiken, Siliciumnitridkerami- 
ken, Glaskeramiken, Polyethylen, Polystyrol, Poly- 
tetrafluorethylen, Polyurethan, Polyvinylalkohol, Po- 
lypropylen, Polycarbonat, Polymethylmethacrylat, 
Methacrylatpolymer, Siliconharz und bioabsorbier- 
baren Polymeren. 

3. Implantatmaterial nach Anspruch 1 oder 2, 



wobei die Oberflache des bioinerten oder biotoleran- 
ten Materials mit einem bioaktiven Substrat be- 
schichtet ist. 

5 4. Implantatmaterial nach Anspruch 3, 

wobei das bioaktive Substrat zumindest eines ein- 
schlieftt, ausgewahlt aus Hydroxyapatit, Tricalci- 
umphosphat, calciumdefizientes Apatit, amorphes 
Calciumphosphat, Tetracalciumphosphat, Ostacal- 

10 ciumphosphat, Fluorapatit, Carbonat-Apatit, Calci- 
umpyrophosphat, Bruschit, Monetit, Calciumcarbo- 
nat, Glaskeramiken, die Apatit enthalten, Glaskera- 
miken, die Calciummetaphosphat enthalten und Bio- 
glas. 

15 

5. Implantatmaterial nach einem der Anspruche 1-4, 
wobei das bioinerte oder biotolerante Material zu- 
mindest eines von metatlischen Materialien ein- 
schlieflt, ausgewahlt aus Titan, Titanlegierungen, 

20 rostfreiem Stahl , Cobalt-Chromlegierungen und Co- 
bald-Chrom-Molybdenlegierungen. 

6. Implantatmaterial nach einem der Anspruche 1-4, 
wobei das bioinerte oder biotolerante Material zu- 

25 mindest eines von Keramikmaterialien einschlielit, 
ausgewahlt aus Aluminiumoxidkeramiken, Kohlen- 
stoffkeramiken, Zirconoxidkeramiken, Siliciumcar- 
bidkeramiken, Siliciumnitridkeramiken und Glaske- 
ramiken. 

30 

7. Implantatmaterial nach einem der Anspruche 1-4, 
wobei das bioinerte oder biotolerante Material zu- 
mindest eines von synthetischen Harzmaterialien 
einschlielit, ausgewahlt aus Polyethylen, Polystyrol, 

35 Polytetrafluorethylen, Polyurethan, Polyvinylalko- 
hol, Polypropylen, Polycarbonat, Polymethylme- 
thacrylat, Methacrylatpolymer, Siliconharz und 
bioabsorbierbaren Polymer. 

40 8. Implantatmaterial nach einem der Anspruche 1-7, 
wobei die Knochenmatrix einen Wachstumsfaktor 
einschlieftt, sezerniert aus zumindest einer Art von 
Zellen ausgewahlt aus Markzellen, mesenchymalen 
Stammzellen, Osteoblasten und Knochenvoriaufer- 

45 zellen. 

9. Implantatmaterial nach einem der Anspruche 1-8, 
wobei das bioinerte oder biotolerante Material eine 
porose Oberflache einschlielM. 

50 

10. Implantatmaterial nach einem der Anspruche 1-9, 
wobei zumindest ein Teil der Knochenmatrix kalzifi- 
ziert ist. 

55 11. Implantatmaterial nach einem der Anspruche 1 -1 0, 
wobei die Osteoblasten oder Knochenvoriauferzel- 
len durch Kultivieren und danach Differenzieren der 
mesenchymalen Stammzellen gewonnen werden, 
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die aus einem lebenden Korper gewonnen wurden. 

12. Implantatmaterial nach einem der Anspruche 1-11, 
wobei die Knochenmatrix Collagenfasern enthalt. 

13. Implantatmaterial nach einem der vorhergehenden 
Anspruche, 

wobei das Implantatmaterial aus einem bioinerten 
oder biotoleranten Material zusammengesetzt ist 
und die Knochenmatrix direkt die Oberflache des 
bioinerten oder biotoleranten Materials beruhrt und 
vollstandig abdeckt. 

14. Verfahren zur Herstellung von Implantatmaterialien, 
die in einen lebenden Korper implantiert werden, als 
Ersatz fur Knochengewebe, wobei das Verfahren 
folgendes umfafit: 

- einen Schritt, mesenchymale Stammzellen, 
die aus einem lebenden Korper gewonnen wur- 
den, an einer Oberflache eines bioinerten oder 
biotoleranten Materials zu befestigen; 

- den Schritt, die mesenchymalen Stammzellen 
zu kultivieren, dali sie zu zumindest einer Art 
von Zellen differenzieren, ausgewShlt aus Oste- 
oblasten und Knochenvoriauferzellen; und 

- den Schritt, der in vivo Kultivierung undifferen- 
zierter Zellen auf der Oberflache des bioinerten 
oder biotoleranten Materials, so daft die Ober- 
flache des bioinerten oder biotoleranten Mate- 
rials m it der durch die differenzierten Zellen er- 
zeugten Knochenmatrix beschichtet wird. 

15. Verfahren nach Anspruch 14, 

das weiterhin den Schritt umfaftt, die Anzahl diffe- 
renzierter Zellen durch Subkultur zu erhohen. 

16. Verfahren zur Herstellung von Implantatmaterialien, 
die in einem lebenden Korper als Ersatz fur ein Kno- 
chengewebe implantiert wurden, wobei das Verfah- 
ren folgendes umfaftt: 

- den Schritt der in vitro Kultivierung von mes- 
enchymalen Stammzellen, die aus einem leben- 
den Korper gewonnen wurden, mit einem bioi- 
nerten oder biotoleranten Material; 

- die mesenchymalen Stammzellen an der 
Oberflache des bioinerten oder biotoleranten 
Materials zu befestigen, urn die anhaftenden 
mesenchymalen Stammzellen zu zumindest ei- 
ner Art von Zellen zu differenzieren, ausgewahlt 
aus Osteoblasten und Knochenvoriauferzellen, 
bis die Zellen beginnen, Knochenmatrix auf der 
Oberflache des bioinerten oder biotoleranten 
Materials zu erzeugen und die Oberflache des 
bioinerten oder biotoleranten Materials mit der 
Knochenmatrix zu beschichten, die in vitro 
durch die differenzierten Zellen erzeugt wurde. 



17. Verfahren nach einem der Anspruche 15 und 16, 
wobei der Schritt des Kultivierens der mesenchyma- 
len Stammzellen eine Verbesserung der Knochen- 
reparatur-Aktivitat der zumindest einen Art von Zel- 
5 len einschlieftt. 



Revendications 

10 1 . Materiau d'implant susceptible d'etre implante dans 
un corps vivant en remplacement de tissu osseux, 
le materiau d'implant se caracterisant par : 

un materiau bioinerte ou biotolerant; 

is au moins un type de cellules choisi parmi les 

osteoblastes et les cellules osteoprogen'rtrices 
adherant a la surface du materiau bioinerte ou 
biotolerant, le au moins un type de cellules ayant 
une activite de reparation osseuse accrue; et 

20 une matrice osseuse produite in vitro par les cel- 

lules adherentes et revetant la surface du ma- 
teriau d'implant bioinerte ou biotolerant. 

2. Materiau d'implant selon la revendication 1 , dans le- 
25 quel le materiau bioinerte ou biotolerant est compose 
d'au moins Tun des materiaux choisis parmi le titane, 
un alliage de titane, I'acier inoxydable, un alliage de 
cobalt-chrome, un alliage de cobalt-chrome-molyb- 
dene, des ceramiques d'alumine, des ceramiques 
30 de carbone, des ceramiques d'oxyde de zirconium, 
des ceramiques de carbure de silicium, des cerami- 
ques de nitrure de silicium, des vitroceramiques, du 
polyethylene, du polystyrene, du polytetrafluoro- 
ethylene, du polyurethanne, de I'alcool polyvinyli- 
35 que, du polypropylene, du polycarbonate, du poly 
(methacrylate de methyle), un polymere de metha- 
crylate, une resine de silicone et un polymere bioab- 
sorbable. 

to 3. Materiau d'implant selon la revendication 1 ou 2, 
dans iequel la surface du materiau bioinerte ou bio- 
tolerant est revetue d'un substrat bioactif. 

4. Materiau d'implant selon la revendication 3, dans le- 
45 quel le substrat bioactif comprend au moins Tun des 

composes choisi parmi I'hydroxyapatite, le phospha- 
te tricalcique, I 'apatite deficiente en calcium, le phos- 
phate de calcium amorphe, le phosphate tetracalci- 
que, le phosphate octacalcique, la fluoroapatite, le 
50 carbonate-apatite, le pyrophosphate de calcium, la 
brushite, la monettte, le carbonate de calcium, les 
vitroceramiques contenant de I'apatite, les vitroce- 
ramiques contenant du m6taphosphate de calcium 
et le bioglass. 

55 

5. Materiau d'implant selon Tune quelconque des re- 
vendications 1 a 4, dans Iequel le materiau bioinerte 
ou biotolerant comprend au moins Tun des materiaux 
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metalliques choisis parmi le titane, un alliage de ti- 
tane, I'acier inoxydable, un alliage de cobalt-chrome 
et un alliage de cobalt-chrome-molybdene. 

6. Materiau d'implant selon Tune quelconque des re- 
vend ications 1 a 4, dans lequei le materiau bioinerte 
ou biotolerantcomprend au moins Tun des materiaux 
ceramiques choisis parmi les ceramiques d'alumine, 
les ceramiques de carbone, les ceramiques d'oxyde 
de zirconium, les ceramiques de carbure de silicium, 
les ceramiques de nitrure de silicium et les vitroce- 
ramiques. 

7. Materiau d'implant selon Tune quelconque des re- 
vendications 1 a 4 t dans lequei le materiau bioinerte 
ou biotolerantcomprend au moins Tun des materiaux 
de resines synthetiques choisis parmi le polyethyle- 
ne, le polystyrene, le polytetrafluorethylene, le poly- 
urethanne, I'alcool polyvinylique, le polypropylene, 
le polycarbonate, le poly(methacrylate de methyle), 
un polymere de methacrylate, une resine de silicone 
et un polymere bioabsorbable. 

8. Materiau d'implant selon Tune quelconque des re- 
vendications 1 a 7, dans lequei la matrice osseuse 
comprend un facteur de croissance secrete par au 
moins un type de cellules selectionn6 parmi les cel- 
lules de la moelle, les cellules souches mesenchy- 
mateuses, les osteoblastes et les cellules osteopro- 
genitrices. 

9. Materiau d'implant selon Tune quelconque des re- 
vendications 1 a 8, dans lequei le materiau bioinerte 
ou biotolerant comprend une surface poreuse. 

10. Materiau d'implant selon I'une quelconque des re- 
vendications 1 a 9, dans lequei au moins une partie 
de la matrice osseuse est calcifiee. 

11. Materiau d'implant selon I'une quelconque des re- 
vendications 1 a 1 0, dans lequei les ost6oblastes ou 
les cellules osteoprogenitrices sont obtenues en 
mettant en culture, puis en differencial les cellules 
souches mesenchymateuses provenant d'un corps 
vivant. 

12. Materiau d'implant selon I'une quelconque des re- 
vendications 1 a 1 1 , dans lequei la matrice osseuse 
contient des fibres de collagene. 

13. Materiau d'implant selon I'une quelconque des re- 
vend ications precedentes, dans lequei le materiau 
d'implant est compose d'un materiau bioinerte ou 
biotolerant et la matrice osseuse est en contact direct 
et recouvre totalement la surface du materiau bioi- 
nerte ou biotolerant 

14. Procede de fabrication de materiaux d'implant im- 



plantes dans un corps vivant en remplacement de 
tissu osseux, le procede comprenant : 

une etape d'adherence des cellules souches 
5 mesenchymateuses prelevees dans un corps 

vivant a la surface d'un materiau bioinerte ou 
biotolerant; 

une etape de culture des cellules souches me- 
senchymateuses en vue de les differencier en 
10 au moins un type de cellules choisi parmi les 

osteoblastes et les cellules osteoprogenitrices; 
et 

une etape de culture in vitro des cellules diffe- 
rences a la surface du materiau bioinerte ou 
15 biotolerant et de maniere que la surface du ma- 

teriau bioinerte ou biotolerant soit revetue de la 
matrice osseuse produite par les cellules diffe- 
renciees. 

20 15. Procede selon la revendication 14, comprenant en 
outre I'etape d'accroissement du nombre de cellules 
differenciees par sous-culture. 

16. Procede de fabrication de materiaux d'implant im- 
25 plantes dans un corps vivant en remplacement de 

tissu osseux, le procede comprenant : 

une etape de culture in vitrode cellules souches 
mesenchymateuses prelevees dans un corps 
30 vivant en presence d'un materiau bioinerte ou 

biotolerant; 

('adherence des cellules souches mesenchy- 
mateuses a la surface du materiau bioinerte ou 
biotolerant, 

35 (a differentiation des cellules souches mesen- 

chymateuses adherentes en au moins un type 
de cellules choisi parmi les osteoblastes et les 
cellules osteoprogenitrices, jusqu'a ce que les 
cellules commencent a produire une matrice os- 

^0 seuse a la surface du materiau bioinerte ou bio- 

tolerant, et le revetement de la surface du ma- 
teriau bioinerte ou biotolerant avec la matrice 
osseuse produite in vitro par les cellules diffe- 
renciees. 

45 

17. Proced6 selon I'une quelconque des revendications 
14 et 16, dans lequei I'etape de culture des cellules 
souches mesenchymateuses comprend I'augmen- 
tation de I'activite de reparation osseuse du au moins 

50 un type de cellules. 
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